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D-XYLOSE DEHYDROGENASE FROM
CORYNEFORM BACTERIA AND PROCESS
FOR PREPARING D-XYLONATE

CROSS REFERENCE TO PRIOR
APPLICATIONS

This application is a U.S. National Phase application
under 35 U.S.C. § 371 of International Application No.
PCT/DE2019/000173, filed on Jun. 29, 2019, and claims
benefit to German Patent Application No. 10 2018 005
439.0, filed on Jul. 11, 2018. The International Application
was published in German on Jan. 16, 2020 as WO 2020/
011294 A1 under PCT Article 21(2).

FIELD

The present invention relates to D-xylose dehydrogenase
from coryneform bacteria, nucleic acid sequences encoding
same, corresponding living organisms, preferably coryne-
form bacteria, which contain a D-xylose dehydrogenase
with enhanced D-xylose dehydrogenase expression and/or
activity, and corresponding uses. The present invention also
relates to a process for preparing D-xylonate with D-xylose
dehydrogenase from coryneform bacteria.

BACKGROUND

D-xylonic acid (C;H,,Oy) is an organic acid which can
serve as a precursor for polyamides, polyesters, and 1,2,4-
butanetriol (Toivari et al. 2012; https://doi.org/10.1007/
$00253-012-4288-5) and thus has a broad application poten-
tial in the pharmaceutical industry, the food industry, and in
the chemical industry.

D-xylonate, the salt of D-xylonic acid, ranks among the
top 30 potentially high-grade platform chemicals based on
renewable second-generation raw materials (Werpy et al.
2004; http://www.dtic.mil/dtic/tr/fulltext/u2/a436528.pdf).
D-xylonate has the potential to replace D-gluconate
(C¢H,,0,), which has a global market of 100 kt/year.

D-xylonate is naturally formed in some bacteria via a
two-step reaction. In the first reaction, D-xylose is oxidized
to D-xylonolactone, wherein specific dehydrogenases are
catalytically active depending on the organism. The D-xy-
lonolactone can subsequently be converted to D-xylonate
either by specific lactonases or spontaneously (without an
enzyme catalyst). For example, high product titers of D-xy-
lonate are reported for the Gluconobacter oxydans and
Pseudomonas fragi species (Toivari et al., 2012; https:/
doi.org/10.1007/s00253-012-4288-5; Buchert et al. 1988,
http://doi.org/10.1007/BF01028079).

In addition, alternative D-xylonate production strains
(e.g., yeast of the species Saccharomyces cerevisiae, bacte-
ria of the species Escherichia coli and fungi of the species
Aspergillus niger) were produced by heterologous expres-
sion of D-xylose dehydrogenases, e.g., from Caulobacter
crescentus (Toivari et al., 2012 https://doi.org/10.1007/
$00253-012-4288-5; Liu et al. 2012; https://doi.Org/
10.1016/j.biortech.2011.08.065; US patent 2012/0005788
Al).

In addition to microbial production, D-xylonate can be
prepared electrochemically (Jokic et al. 1991; https:/
doi.org/10.1007/BF01020216), enzymatically (Pezzotti &
Therisod 2006; https://doi.org/10.1016/
j-carres.2006.05.023), or by chemical oxidation (Isbell &
Hudson 1932; Isbell H S, Hudson C S (1932) The course of
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the oxidation of the aldose sugars by bromine water. Bur
Standards J Res 8:327-338; https://archive.org/details/
courseofoxidatio83327isbe).

It is known that D-xylonate can be prepared by ferment-
ing strains of coryneform bacteria, in particular Corynebac-
terium glutamicum (Yim et al. 2017; https://doi.org/10.1002/
biot.201700040, Choi et al. 2018; https://doi.org/10.1007/
$00253-017-8653-2). The oxidation of D-xylose to
D-xylonate is mediated here by heterologous expression of
the xylose dehydrogenase of Caulobacter crescentus. How-
ever, the expression of heterologous systems is disadvanta-
geous and undesirable with a view to application in the
pharmaceutical or food industry. This is because all hitherto
known production strains with a D-xylonate synthesis
capacity, such as Gluconobacter oxydans, require complex
media for their growth, as a result of which the cultivation
becomes markedly more complex, more expensive, and thus
more uneconomical.

In investigations to optimize the substrate during the
microbial production of amino acids (e.g., L-lysine and
L-glutamate) and other precursors of industrial biotechnol-
ogy with coryneform bacteria, the ability to take up naturally
non-metabolized substrates, such as D-xylose, was investi-
gated. The myo-inositol/proton symporter (IolT1) could be
shown to contribute to the uptake of D-xylose in Coryne-
bacterium glutamicum (Brusseler et al., 2018; https://
doi.org/10.1016/j.biortech.2017.10.098). However, the
D-xylose of coryneform bacteria is not naturally metabo-
lized and thus accumulates in the medium.

WO 2017/220059 Al discloses that the inactivation or
deletion of the i0lR gene encoding the regulator protein lolR
on a defined medium with D-glucose and D-xylose as
carbon and energy sources brings about the formation of
D-xylonate.

Klaffl et al. describe gene cg0196 encoding the regulator
IolR in the context of the production of the amino acid
L-lysine (2013; https://doi.org/10.1128/JB.00265-13). The
deletion of iolR leads to the expression of the myo-inositol
gene cluster as well as a further estimated 22 genes with
previously unknown or unambiguously annotated function
(Klaffl et al., 2013). Negative physiological effects resulting
from the deregulation of these approx. 22 genes cannot be
ruled out. Thus, a bacterial strain on its own with such an
i0lR deletion does not represent a viable platform for an
industrially interesting production strain, which should be
genetically unambiguously defined.

SUMMARY

In an embodiment, the present invention provides a D-xy-
lose dehydrogenase comprising an amino acid sequence that
has at least 70% identity to the amino acid sequence accord-
ing to SEQ ID NO. 2 or fragments thereof. Nucleic acid
sequences encoding the same, microbial cells containing
such nucleic acid sequences, and processes for preparing
D-xylonate are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a homology comparison of the amino acid
sequences (FIG. 1) and nucleic acid sequences (FIG. 1a)
encoding one of the inventive D-xylose dehydrogenases
(I01G) from Corynebacterium glutamicum and the D-xylose
dehydrogenase (XylB) Caulobacter crescentus.

FIG. 2 shows the plasmid pkl9mobsacB P,siolT/with
which nucleotide substitutions according to the invention
were generated in the operatively linked regulatory binding
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region of the myo-inositol transporter gene i0lT1 in the
chromosome of Corynebacterium glutamicum.

FIG. 3 shows the position of the nucleotide substitutions
according to the invention in the regulatory binding site of
the myo-inositol transporter gene i0lT1 as compared to the
wild type. A nucleotide was respectively exchanged relative
to the start codon of IolT1 at positions —112 (C—G) and
-113 (A—Q). This corresponds to positions 665 and 666 in
the total sequence of the i0lT1 gene according to certain
embodiments of the invention of FIG. 3, in which nucleo-
tides AC were substituted for GG. This substitution is
between the —-35 and —10 box of the i0lT1 gene.

FIG. 4 shows the plasmid pkl9mobsacB P, ;i0lC with
which nucleotide substitutions according to certain embodi-
ments of the invention were generated in the operatively
linked regulatory binding region of the carbohydrate kinase
gene i0lC (of the i0lC cluster containing i0lG) in the
chromosome of Corynebacterium glutamicum.

FIG. 5 shows the position of the nucleotide substitutions
according to certain embodiments of the invention in the
regulatory binding site of the i0lC gene as compared to the
wild type. This regulatory region (upstream of i0lC) repre-
sents the operatively linked regulatory region of the nucleic
acid sequence according to certain embodiments of the
invention encoding the D-xylose dehydrogenase according
to certain embodiments of the invention since the 101G gene
is organized in a cluster, the so-called i0lC cluster of
myo-insitol catabolism. A nucleotide was respectively
exchanged relative to the start codon of 1olC at positions —59
(C—G) and -60 (A—G). This corresponds to positions 383
and 384 in the total sequence of the i0lC gene of FIG. 5§
according to certain embodiments of the invention, in which
nucleotides AC were substituted for GG. This substitution is
between the —10 box and the transcription start site (TSS) of
the i0lC gene.

FIG. 6 shows the plasmid pkl19mobsacB P ,5_5101C with
which nucleotide substitutions according to certain embodi-
ments of the invention were generated in the operatively
linked regulatory binding region of the carbohydrate kinase
gene i0lC (of the i0lC cluster containing i0lG) in the
chromosome of Corynebacterium glutamicum.

FIG. 7 shows the position of the nucleotide substitutions
according to certain embodiments of the invention in the
regulatory binding site of the i0lC gene compared to the wild
type. This regulatory region (upstream of i0lC) represents
the operatively linked regulatory region of the nucleic acid
sequence according to certain embodiments of the invention
encoding the D-xylose dehydrogenase according to certain
embodiments of the invention since the 101G gene is orga-
nized in a cluster, the so-called 10lC cluster of myo-insitol
catabolism. A nucleotide was respectively exchanged rela-
tive to the start codon of IolC at positions -240 (A—G),
-239 (C—GQ), -174 (A—GQ), and -173 (C—G). This corre-
sponds to positions 143, 144, 211, and 212 in the total
sequence of the i10lC gene according to certain embodiments
of the invention of FIG. 7, in which the nucleotides AC were
respectively substituted for GG. This substitution is located
5" upstream of the —10 box and the transcription start site
(TSS) of the 10lC gene.

FIG. 8 shows plasmid pkl19mobsacB_A i0lG with which
the nucleic acid sequence i0lG encoding the D-xylose dehy-
drogenase according to certain embodiments of the inven-
tion was deleted in the chromosome of Corynebacterium
glutamicum.

FIG. 9 shows the plasmid pk19mobsacB ncr cons Ptuf
101G with which the nucleic acid sequence 101G encoding the
D-xylose dehydrogenase according to certain embodiments
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of the invention was integrated into the chromosome of
Corynebacterium glutamicum under the control of the con-
stitutive Tuf promoter in the intergenic region between
cgl121 and cgl122.

FIG. 10 shows the plasmid pkl9mobsacB CgLP4 P, i-
0lG with which the nucleic acid sequence i0lG encoding the
D-xylose dehydrogenase according to certain embodiments
of the invention was integrated into the chromosome of
Corynebacterium glutamicum under the control of the con-
stitutive Tuf promoter in the intergenic region between
cg0901 and cg0902.

FIG. 11 shows the plasmid pk19mobsacB Cgl.P12 P,
101G with which the nucleic acid sequence 101G encoding the
D-xylose dehydrogenase according to certain embodiments
of the invention was integrated into the chromosome of
Corynebacterium glutamicum under the control of the con-
stitutive Tuf promoter in the intergenic region between
cg3227 and cg3228.

FIG. 12 shows plasmid pEKEx3 i0lG with the nucleic
acid sequence 10lG encoding the D-xylose dehydrogenase
according to certain embodiments of the invention was
enhancedly expressed in Corynebacterium glutamicum.

FIG. 13 shows plasmid pET28b iolG with which the
nucleic acid sequence i0lG encoding the D-xylose dehydro-
genase according to certain embodiments of the invention
was enhancedly expressed in Escherichia coli BL21.

FIGS. 14 and 15 show growth, D-xylose uptake and
accumulation, and the D-xylonate formation of different
variants of coryneform bacterial strains.

FIG. 16 shows the D-xylonate formation of different
variants of coryneform bacterial strains.

FIG. 17 shows the calibration of the absorption signal at
340 nm in the kinetic assay with respect to NADH concen-
tration in mM (blue dots). The valid calibration was set to
the range 0 to 1 mM NADH and the corresponding regres-
sion line (dashed red line) with associated parameters, their
values and errors were plotted.

FIG. 18 shows conversion curves for the D-xylose dehy-
drogenase IolG according to certain embodiments of the
invention with D-xylose as substrate, for various concentra-
tions of D-xylose used (25 mM top left to 1 mM bottom
right). The absorption measurements recorded are shown for
a period of 20 minutes.

FIG. 19 shows conversion curves for lolG with myo-
inositol as substrate, shown analogously to FIG. 18.

FIG. 20 shows the calculation of initial reaction rates for
D-xylose conversion with IolG. Shown are the formations of
NADH in mM after calibration of the absorption signal after
approx. 2.5 minutes for 10 consecutive measurements (blue
dots, approx. 2 minutes duration), for different D-xylene
concentrations used respectively from 25 mM (top left) to 1
mM (bottom right). The respective initial reaction rates (red
lines) result from the slope of the regression line in mM/min;
the respective parameters of the calibration line with values
and errors are shown in the individual legends.

FIG. 21 shows the parameter estimation of Michaelis
Menten enzyme kinetics from initial reaction rates in the
conversion of D-xylose by the D-xylonate dehydrogenase
IolG according to certain embodiments of the invention
(black dots). The parameters were determined by weighted
non-linear regression assuming normally distributed mea-
surement errors and thus correspond to the maximum like-
lihood estimator of the parameters of the Michael Menten
kinetics. The resulting kinetics are shown as a black dashed
line; in addition, kinetics based on random values corre-
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sponding to the 2-dimensional normal distribution with
covariance matrix of the maximum likelihood estimator are
plotted as shaded areas.

DETAILED DESCRIPTION

Embodiments of the invention are independent of or avoid
aheterologous gene expression for the microbial preparation
of D-xylonate in coryneform bacteria. Furthermore, embodi-
ments avoid such interference in the metabolism of coryne-
form bacteria which may have widely undefined physiologi-
cal effects, as is the case, for example, when one or more
centrally acting regulators (such as the regulator protein
IolR), which exert influence on a multiplicity of genes or
proteins in a cell, are turned off. Thus, embodiments of the
present invention provide a homologous system and one or
more homologous structural elements that enable the micro-
bial preparation of D-xylonate with coryneform bacteria
while overcoming known disadvantages. Embodiments of
the present invention to provide a process for the microbial
preparation of D-xylonate in coryneform bacteria, in which
the known disadvantages are overcome.

There first follows a brief description of the present
invention, without the subject matter of the invention being
limited thereby.

An embodiment of the present invention relates to the
provision of a protein having the activity of a D-xylose
dehydrogenase from coryneform bacteria.

Another embodiment of the present invention furthermore
relates to the use of said D-xylose dehydrogenase for the
preparation of D-xylonate. In an embodiment of the present
invention, the D-xylonate is prepared in a homologous
system, preferably in coryneform bacteria.

Another embodiment of the present invention relates to a
coryneform bacterial cell for preparing D-xylonate, charac-
terized in that it has an enhanced expression and/or
increased activity of a homologous D-xylose dehydroge-
nase.

A coryneform bacterial cell selected from the group
comprising Corynebacterium and Brevibacterium 1is pre-
ferred.

Another embodiment of the present invention relates to a
nucleic acid sequence which encodes a D-xylonate dehy-
drogenase according to certain embodiments of the inven-
tion from a coryneform bacterial cell.

Another embodiment of the present invention relates to a
coryneform bacterial cell in which an increased expression
of the encoding nucleic acid sequence according to certain
embodiments of the invention is present. Another embodi-
ment of the present invention also includes a coryneform
bacterial cell having the aforementioned properties which is
not recombinantly modified and thus represents a non-
genetically modified system (non-GMO) for the preparation
of D-xylonate.

Another embodiment are corynform bacterial cells which
are a homologous system for D-xylonate preparation and in
which an IolR-mediated deregulation of the D-xylose dehy-
drogenase is present without modifying the expression and/
or activity of the regulator protein IoLR itself. Another
embodiment of the present invention thus relates to a
coryneform bacterial cell which is characterized in that the
functionality of one or more operatively linked IolR binding
sites in the regulatory, non-coding region of the nucleic acid
sequence encoding the D-xylose dehydrogenase is reduced
or turned off, or one or more IolR binding sites are partially
or completely deleted.
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One embodiment relates to a process for the microbial
preparation of D-xylonate, preferably with coryneform bac-
teria, comprising the steps of:

a) providing a solution containing water and a C5 carbon

source,

b) microbial reaction of the C5 carbon source in a solution
according to step a) to form D-xylonate in the presence
of a coryneform bacterial cell according to certain
embodiments of the invention in which the expression
of a nucleic acid sequence encoding a homologous
D-xylose dehydrogenase is enhanced and/or in which
the activity of a homologous D-xylose dehydrogenase
is increased, and wherein

¢) isolating and/or conditioning D-xylonate from the
solution optionally takes place.

Another embodiment of the present invention is a process
in which the microbial reaction to form D-xylonate takes
place in a solution containing water and a C5 carbon source
selected from the group comprising:

a) oligosaccharides or polysaccharides containing D-xy-

lose units,

b) D-xylose, preferably at a concentration of at least 10
gL,

¢) lignocellulose-, cellulose-, or hemicellulose-containing
biomass, the hydrolyzate thereof or extract obtained
therefrom containing D-xylose units, and

d) a combination of a) to c).

In a preferred variant of the process according to certain
embodiments of the invention, bagasse, preferably cane
sugar bagasse, its hydrolyzate, or extract obtained therefrom
containing D-xylose units is used as the C5 carbon source.

The invention also relates to the use of a D-xylose
dehydrogenase according to certain embodiments of the
invention from coryneform bacteria, a nucleic acid sequence
according to certain embodiments of the invention encoding
such a D-xylose dehydrogenase, and coryneform bacterial
cells according to certain embodiments of the invention for
preparing D-xylonate, preferably with coryneform bacterial
cells. In addition to the preparation of D-xylonate in a
homologous system (corynform bacteria), the invention also
includes the preparation of D-xylonate by means of the
D-xylose dehydrogenase according to certain embodiments
of the invention in a heterologous system.

The invention also relates to the use of D-xylonate,
prepared with a D-xylose dehydrogenase according to cer-
tain embodiments of the invention, a coryneform bacterial
cell according to certain embodiments of the invention or
according to a process according to certain embodiments of
the invention or a composition according to certain embodi-
ments of the invention, for preparing pharmaceuticals, food-
stuffs, feeds, solvents, colorants, and/or components of the
building material industry, preferably cement or concrete.

In the following, embodiments of the invention are
explained in more detail using examples and figures, without
the subject matter of the invention being limited thereby.

Some definitions that are important to the understanding
of the present invention precede the description of the
exemplary embodiments.

Another embodiment of the present invention is the
provision of a D-xylose dehydrogenase isolated from
coryneform bacteria and a nucleic acid sequence encoding
such a protein from coryneform bacteria.

Another embodiment of the present invention relates to a
D-xylose dehydrogenase in which the amino acid sequence
has at least 70% identity to the amino acid sequence accord-
ing to SEQ ID NO. 2 or fragments thereof.
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Also included as embodiments of the invention are pro-
teins encoding an amino acid sequence with at least 75 or
80%, preferably at least 81, 82, 83, 84, 85, or 86% identity,
particularly preferably at least 87, 88, 89, 90% identity, very
particularly preferably at least 91, 92, 93, 94, 95% identity,
or most preferably 96, 97, 98, 99, or 100% identity to the
amino acid sequence according to SEQ ID NO. 2 or frag-
ments thereof. In addition, the present invention relates to a
D-xylose dehydrogenase containing an amino acid sequence
according to SEQ ID NO. 2 or fragments thereof.

Another embodiment of the invention is a D-xylose
dehydrogenase encoded by a nucleic acid sequence contain-
ing at least 70% identity to the nucleic acid sequence
according to SEQ ID NO. 1 or fragments or alleles thereof.
Also included in the invention are nucleic acid sequences
which have at least 75% or 80%, preferably at least 81, 82,
83, 84, 85, or 86% identity, particularly preferably 87, 88,
89, 90% identity, very particularly preferably at least 91, 92,
93, 94, 95% identity, or most preferably 96, 97, 98, 99, or
100% identity to the nucleic acid sequence SEQ ID NO. 1
or fragments or alleles thereof. In addition, an embodiment
of the present invention relates to a D-xylose dehydrogenase
encoded by a nucleic acid sequence according to SEQ ID
NO. 1 or fragments or alleles thereof.

In a further variant of the present invention, the protein
according to certain embodiments of the invention or the
nucleic acid sequence according to certain embodiments of
the invention is isolated from coryneform bacteria selected
from the group comprising Corynebacterium and Brevibac-
terium, in particular Corynebacterium glutamicum, Coryne-
bacterium acetoglutamicum, Corynebacterium thermoami-
nogenes,  Brevibacterium  flavum,  Brevibacterium
lactofermentum, or Brevibacterium divaricatum.

In a preferred variant of the present invention, the protein
according to certain embodiments of the invention or the
nucleic acid sequence according to certain embodiments of
the invention is isolated from coryneform bacteria selected
from the group comprising Corynebacterium glutamicum
ATCC13032, Corynebacterium acetoglutamicum
ATCC15806, Corynebacterium acetoacidophilum
ATCC13870, Corynebacterium thermoaminogenes FERM
BP-1539, Brevibacterium flavum ATCC14067, Brevibacte-
rium lactofermentum ATCCI13869, Brevibacterium divari-
catum ATCC14020.

According to certain embodiments of the invention, a
protein is provided from coryneform bacteria, with which
protein the preparation of D-xylonate from D-xylose in
coryneform bacteria, that is to say in a homologous system,
is made possible for the first time. In contrast to the
described annotation as inositol-2-dehydrogenase (IolG EC
1.1.1.18, encoded by iolg; Klafil et al, 2013; https://doi.org/
10.1128/J1B.00265-13), remarkably, the D-xylose dehydro-
genase according to certain embodiments of the invention
does not have any inositol-2-dehydrogenase activity. Unex-
pectedly, the D-xylose dehydrogenase according to certain
embodiments of the invention, with which the preparation of
D-xylonate from D-xylose in corynform bacteria is made
possible according to certain embodiments of the invention,
additionally has no significant homology to other known
D-xylose dehydrogenases, such as xylB from Caulobacter
crescentus. A protein having the structure and the specific
function of the D-xylose dehydrogenase according to certain
embodiments of the invention from coryneform bacteria has
not hitherto been known. Contrary to the general technical
knowledge of structural and functional properties of 101G/
IolG, it is thanks to the present invention that a concrete
homologous target sequence (homologous “target”) from
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coryneform bacteria for the production of D-xylonate from
D-xylose in coryneform bacteria (thus in a homologous
system) is identified and provided. Thus, by isolating and
providing a nucleic acid sequence according to certain
embodiments of the invention, encoding a D-xylose dehy-
drogenase according to certain embodiments of the inven-
tion, one or more novel structural elements and variations
thereof are made available, with the aid of which D-xylonate
can be prepared from D-xylose, preferably in coryneform
bacteria as a homologous system. According to certain
embodiments of the invention, the D-xylonate production
takes place in vitro, preferably enzymatically with an iso-
lated D-xylose dehydrogenase according to certain embodi-
ments of the invention, or in the living organism, preferably
microbially in bacteria, yeasts, or fungi. The D-xylonate is
particularly preferably prepared in coryneform bacteria or
organisms of the genus Saccharomyces or Aspergillus. In
one variant, the present invention for the first time provides
a homologous system for preparing D-xylonate with coryne-
form bacteria.

Thus, by isolating and providing a nucleic acid sequence
according to certain embodiments of the invention, encoding
a D-xylose dehydrogenase according to certain embodi-
ments of the invention, one or more novel structural ele-
ments are made available, with the aid of which D-xylonate
can be prepared from D-xylose. According to certain
embodiments of the invention, D-xylonate is prepared in
vitro, preferably enzymatically with an isolated D-xylose
dehydrogenase according to certain embodiments of the
invention, or in the living organism, preferably microbially
in bacteria, yeasts, or fungi. D-xylonate is particularly
preferably prepared in coryneform bacteria or organisms of
the genus Saccharomyces or Aspergillus. Embodiments of
the present invention furthermore clearly show that by
means of minimal and extremely definite nucleotide substi-
tutions in the 5' upstream regulatory regions of the encoding
gene sequences for Iolt 1 and IolG, a clearly increased
D-xylonate preparation can be achieved: And this without
having to introduce genes or structures of heterologous
organisms into the coryneform bacterial strain, which would
be undesirable, and also without the need for drastic dele-
tions to be made on centrally acting regulators (IolR), which
can trigger widely undefined physiological effects in an
organism. The few targeted nucleotide substitutions accord-
ing to certain embodiments of the invention are present in
this case to an extent that they are absolutely also found in
nature, which distinguishes the coryneform bacterial strain
according to certain embodiments of the invention as non-
GMO. Thus, in one variant, the present invention provides
for the first time a homologous system for the preparation of
D-xylonate with coryneform bacteria.

“Homologous” within the meaning of the invention
means that the D-xylonate dehydrogenase according to
certain embodiments of the invention and the nucleic acid
sequence encoding it are derived relationally from a com-
mon parent strain of coryneform bacterial cells. According
to the invention, “homologous” is used synonymously with
the term “non-heterologous.”

Remarkably, the D-xylose dehydrogenase according to
certain embodiments of the invention or the nucleic acid
sequence according to certain embodiments of the invention
encoding it has only about 15% identity to the best described
D-xylose dehydrogenase (XylB encoded by the gene xyIB)
from Caulobacter cresentus (FIG. 1).

An embodiment of the invention is a nucleic acid
sequence isolated from coryneform bacteria encoding a
D-xylose dehydrogenase. A variant of the present invention
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relates to a nucleic acid sequence isolated from coryneform
bacteria encoding a D-xylose dehydrogenase for preparing
D-xylonate, wherein the preparation according to certain
embodiments of the invention takes place both in vitro and
in living organisms.

Further variants according to certain embodiments of the
invention relate to an in-vitro preparation of D-xylonate, and
here preferably to an enzymatic preparation with the aid of
the D-xylose dehydrogenase according to certain embodi-
ments of the invention in isolated form. Another embodi-
ment of the invention is a preparation of D-xylonate in living
organisms, particularly preferably a microbial preparation
(e.g., culturing) of D-xylonate in host cells selected from the
group comprising coryneform bacteria, yeasts, and fungi.
Particularly preferred according to certain embodiments of
the invention is a microbial preparation (e.g., culturing) of
D-xylonate in host cells of the genus selected from the group
comprising Corynebacterium, Brevibacterium, Saccharo-
myces, and Aspergillus. Very particularly preferred accord-
ing to certain embodiments of the invention is a microbial
preparation (e.g., culturing) of D-xylonate in Corynebacte-
rium. The invention also includes D-xylose preparation with
Saccharomyces cerevisiae, Aspergillus niger, or Corynebac-
terium glutamicum.

Certain embodiments of the invention relate to nucleic
acid sequences selected from the group comprising a) a
nucleic acid sequence containing at least 70% identity to the
nucleic acid sequence according to SEQ ID NO. 1 or
fragments or alleles thereof, or b) a nucleic acid sequence
which, under stringent conditions, hybridizes with a comple-
mentary sequence of a nucleic acid sequence according to
SEQ ID NO. 1 and/or fragments and/or alleles thereof; or ¢)
a nucleic acid sequence according to SEQ ID NO. 1 or
fragments or alleles thereof, or d) a nucleic acid sequence
encoding a D-xylose dehydrogenase corresponding to each
of'the nucleic acids according to a)-c) but which differs from
these nucleic acid sequences according to a)-c) by the
degeneracy of the genetic code or functionally neutral
mutations. Certain embodiments of the present invention
relate to nucleic acid sequences according to the invention
for the preparation of D-xylonate. D-xylonate is preferably
prepared according to certain embodiments of the invention
in living microorganisms, particularly preferably in coryne-
form bacteria.

Certain embodiments of the present invention also relate
to a nucleic acid sequence which is characterized in that the
functionality of one or more operatively linked IolR binding
sites in the regulatory, non-coding region of the nucleic acid
sequence according to the invention encoding the D-xylose
dehydrogenase is reduced or turned off, or one or more
operatively linked IolR binding sites are partially or com-
pletely deleted.

Within the meaning of the present invention, a “reduced
or turned-off functionality” does not refer to the function-
ality of the D-xylose dehydrogenase according to certain
embodiments of the invention and the nucleic acid sequence
according to certain embodiments of the invention encoding
it but specifically to the modified functionality of the IolR
binding sites to which the centrally acting regulator protein
IolR normally binds, thereby repressing the expression of
the encoding nucleic acid sequence. Within the meaning of
the present invention, “reduced” or “turned off” means that
the expression of the encoding nucleic acid sequence is
worse or no longer under the expression control of the
regulator IolR compared to the situation in a wild-type host
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cell. In the context of the present invention, “reduced” or
“turned off” is intended to be synonymous with “deregu-
lated” or “derepressed.”

The term “nucleic acid sequence” within the meaning of
the present invention means any homologous molecular unit
which transports genetic information. Accordingly, this
relates to a homologous gene, preferably a naturally occur-
ring and/or non-recombinant homologous gene, and to a
homologous transgene or codon-optimized homologous
genes. The term “nucleic acid sequence” according to the
invention refers to a nucleic acid sequence or fragments or
alleles thereof that code or express a specific protein. Pref-
erably, the term “nucleic acid sequence” refers to a nucleic
acid sequence containing regulatory sequences that precede
(upstream, 5' non-coding sequence) and follow (down-
stream, 3' non-coding sequence) the encoding sequence. The
term “naturally occurring” gene refers to a gene found in
nature, e.g., from a wild-type strain of a coryneform bacte-
rial cell, with its own regulatory sequences.

Within the meaning of the present invention, the term
“operatively linked region” relates to an association of
nucleic acid sequences on a single nucleic acid fragment so
that the function of the one nucleic acid sequence is influ-
enced by the function of the other nucleic acid sequence. In
the context of a promoter or binding site for a regulator
protein, the term “operatively linked” within the meaning of
the invention means that the encoding sequence is under the
control of the regulatory region (especially of the promoter
or of the regulator binding site) which regulates the expres-
sion of the encoding sequence.

More than 22 different genes are thought to be regulated
by the regulator protein IolR. For example, iolR itself
(negative autoregulation), i0lT1, i0lC (and the other genes
organized with 10lC in a cluster or operon) are known to be
regulated by IolR. The nucleic acid sequence according to
certain embodiments of the invention encoding a D-xylose
dehydrogenase according to certain embodiments of the
invention (and annotated in its function as inositol-2-dehy-
drogenase encoded by i0lG) is organized in coryneform
bacteria in the myo-inositol catabolism gene cluster (Klaffl
et al, 2013; https://doi.org/10.1128/JB.00265-13). Since the
first gene in this gene cluster is the 10lC gene, it is hereinafter
referred to as an i0lC cluster. The regulatory region opera-
tively linked to the i0lC cluster thus also regulates the
expression of the i0lG gene and thus the nucleic acid
sequence according to certain embodiments of the invention
encoding the D-xylose dehydrogenase according to certain
embodiments of the invention.

The term “modification” within the meaning of the pres-
ent invention also means, for example, “genetic modifica-
tion,” which means, according to the invention, that
although a genetic engineering process is used, no insertions
of' nucleic acid molecules are produced. Within the meaning
of the invention, “modifications” means substitutions and/or
deletions, preferably substitutions. Within the meaning of
the present invention, “modification” or “genetic modifica-
tion” is preferably generated in a regulatory, non-coding
region of the nucleic acids according to the invention. All
conceivable positions in a regulatory region of encoding
genes or gene clusters, the modifications of which have a
measurable effect on the functionality of the iolR binding
sites and IolR binding, in the sense of “reduced” or “turned
off,” are intended and included within the meaning of the
invention.

A variant of the present invention according to certain
embodiments of the invention relates to a nucleic acid
sequence having one or more nucleotide substitutions or
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nucleotide deletions in the operatively linked IolR binding
sites of the i0lC gene cluster. Preferred variants within the
meaning of the invention are those selected from the group
of nucleic acid sequences according to SEQ ID NO. 7 and
SEQ ID NO. 8.

By means of the isolation and provision according to
certain embodiments of the invention of a D-xylose dehy-
drogenase and a nucleic acid sequence according to certain
embodiments of the invention encoding a D-xylose dehy-
drogenase from coryneform bacterial cells, homologous,
genetically defined, non-recombinant (non-GMO) coryne-
form bacterial cells, which are suitable for the microbial,
preferably fermentative production of D-xylonate, can be
prepared for the first time.

Within the meaning of the present invention, the term
“non-recombinant” is understood to mean that the genetic
material of the coryneform bacterial cells according to the
invention is only modified in such a way that it could occur
naturally, e.g., by natural recombination or natural mutation.
The coryneform bacterial cells according to certain embodi-
ments of the invention are thus distinguished as non-geneti-
cally modified organisms (non-GMO).

This also opens up the possibility of further optimizing
industrially interesting production strains of coryneform
bacteria without having to introduce recombinant or heter-
ologous gene material into the cell. Certain embodiments of
the present invention thus provide a system by means of
which the microbial production of D-xylonate can be carried
out in a considerably simpler, more stable, cheaper, and
more economical manner. This is because all hitherto known
production strains with a D-xylonate synthesis capacity,
such as Gluconobacter oxydans, require complex media for
their growth, as a result of which the cultivation becomes
markedly more complex, more expensive, and thus more
uneconomical. All of the D-xylonate producers previously
described are moreover “non-natural” genetically modified
organisms (GMO), inter alia various yeast, fungi, and bac-
teria. This gives rise to a disadvantage for use in certain
industrial sectors (e.g., food and pharmaceutical industries)
as a result of complicated approval processes.

The coryneform bacterial cell according to certain
embodiments of the invention offers a multiplicity of advan-
tages, a selection of which is described below. Coryneform
bacteria, preferably the genus Corynebacterium, are a “gen-
erally recognized as safe” (GRAS) organism, which can be
used in all industrial sectors. Coryneform bacteria achieve
high growth rates and biomass yields on defined media
(Griinberger et al., 2012) and there is extensive experience
in the industrial use of coryneform bacteria (Becker et al.,
2012).

A variant of the present invention also includes the use of
the previously described nucleic acid sequences according to
certain embodiments of the invention for the preparation of
living organisms, preferably microorganisms, particularly
preferably bacteria, yeasts, or fungi, very particularly pref-
erably the genus of coryneform bacteria, such as Coryne-
bacterium or Brevibacterium, Saccharomyces or Aspergil-
lus, in vparticular Coryrebacterium  glutamicum,
Saccharomyces cerevisiae, or Aspergillus niger, for the
preparation of D-xylonate.

The invention includes nucleic acid sequences selected
from the group comprising SEQ ID NO. 7, SEQ ID NO. 8,
SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 63, or SEQ
ID NO. 64 or fragments or alleles thereof for preparing
coryneform bacterial cells or other suitable organisms
according to certain embodiments of the invention for the
preparation of D-xylonate. The variants according to SEQ
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ID NO. 7 and SEQ ID NO. 63 of the nucleic acid sequences
according to certain embodiments of the invention contain
nucleotide exchanges, i.e., substitutions, in the operatively
linked promoter region of the i0lC gene cluster containing
the nucleotide sequence (i0lG) encoding the D-xylose dehy-
drogenase according to certain embodiments of the inven-
tion. The variants according to SEQ ID NO. 8 or SEQ ID
NO. 64 of the nucleic acid sequences according to certain
embodiments of the invention contain nucleotide deletions
in the operatively linked promoter region of the i0lC gene
cluster containing the nucleotide sequence (i0lG) encoding
the D-xylose dehydrogenase according to certain embodi-
ments of the invention. A further variant of the present
invention relates to the use of a nucleic acid sequence
according to SEQ ID NO. 7 or 8 for the preparation of
coryneform bacteria. The invention also includes the use of
the nucleic acid sequences selected from the group com-
prising SEQ ID NO. 63 and SEQ ID NO. 64 for the
preparation of coryneform bacteria.

Certain embodiments of the present invention are also
nucleic acid sequences containing nucleotide substitutions
or deletions in the operatively linked promoter region of the
i0lT1 gene of the myo-inositol/proton symporter. Preferred
variants include nucleic acid sequences according to SEQ ID
NO. 9 or SEQ ID NO. 10. A preferred variant of the present
invention relates to the use of a nucleic acid sequence
according to SEQ ID NO. 9 or SEQ ID NO. 10 in which the
operatively linked IolR binding sites are deleted for the
preparation of coryneform bacteria.

Particular preference is given to a coryneform bacterial
cell in which there are one or more modifications, selected
from the group containing one or more substitutions or one
or more deletions in the chromosome.

Certain embodiments of the present invention are a
coryneform bacterial cell for preparing D-xylonate, charac-
terized in that it exhibits enhanced expression and/or
increased activity of a homologous D-xylose dehydrogenase
according to the invention.

Within the meaning of the present invention, “enhanced”
is understood to mean “increased,” “improved,” “modified,”
or “deregulated,” and is used synonymously. “Enhanced”
within the meaning of the present invention means, for
example, the enhanced gene expression of a gene compared
to the expression of the respective parent gene in the
unmodified, naturally unenhanced state. Within the meaning
of the invention, the same is meant with respect to the
increased enzyme activity. For example, the wild type of a
coryneform bacterial cell represents a genetically unmodi-
fied parent gene or enzyme. Coryneform wild-type cells of
the genus Corynebacterium or Brevibacterium are preferred;
particular preference is given to coryneform bacterial cells
of the wild type Corynebacterium glutamicum; very par-
ticular preference is given to coryneform bacterial cells of
the wild type Coryvrebacterium glutamicum ATCC 13032.

A variant of the present invention includes a coryneform
bacterial cell, characterized in that it has an enhanced
expression of a nucleic acid sequence according to one of the
variants described above. A further variant of a coryneform
bacterial cell according to certain embodiments of the inven-
tion is characterized in that the enhanced expression of the
D-xylose dehydrogenase is based on modifications selected
from the group comprising a) modifying the regulation or
signal structures for gene expression, b) modifying the
transcription activity of the encoding nucleic acid sequence,
or ¢) increasing the gene copy number of the encoding
nucleic acid sequence. The invention thereby includes modi-
fication of the signal structures of the gene expression, such
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as by modifying the repressor genes, activator genes, opera-
tors, promoters; attenuators, ribosome binding sites, start
codon, terminators. Also included are the introduction of a
stronger promoter, such as the tac promoter or an IPTG-
inducible promoter. The introduction of a stronger promoter,
such as the tac promoter (Amann et al (Gene 1988 69:301-
15), or promoters from the group of promoters described in
Patek et al (Microbiology 1996 142:1297), is preferred but
not limiting for the present invention. Further examples can
be found in WO 96/15246 or in Boyd and Murphy (Journal
of Bacteriology 170: 5949 (1988)), in Voskuil and Chamb-
liss (Nucleic Acids Research 26: 3548 (1998), Jensen and
Hammer (Biotechnology and Bioengineering 58: 191
(1998)), in Patek et al. (Microbiology 142: 1297 (1996)), in
Knippers (“Molekulare Genetik [Molecular Genetics],” 6th
edition, Georg Thieme Verlag, Stuttgart, Germany, 1995) or
also in Winnacker (“Gene and Clone,” VCH Verlagsgesell-
schaft, Weinheim, Germany, 1990). In further variants of the
invention, an increased gene copy number of the encoding
nucleic acid sequence according to certain embodiments of
the invention can be chromosomally encoded or vector-
based, preferably plasmid-encoded. The present invention
relates to a coryneform bacterial cell in which the increase
in the copy number is chromosomally encoded or extra-
chromosomally encoded, preferably vector-encoded or plas-
mid-encoded. Suitable plasmids according to certain
embodiments of the invention are those replicated in coryne-
form bacteria. Numerous known plasmid vectors, such as
pZ1 (Menkel et al., Applied and environmental Microbiol-
ogy (1989) 64: 549-554), pEKEx1 (Eikmanns et al., Gene
102:93-98 (1991)) or pHS2-1 (Sonnen et al., Gene 107:69-
74 (1991)), are based on the cryptic plasmids pHM1519,
pBL1, or pGA1. Other plasmid vectors, such as those based
on pCG4 (U.S. Pat. No. 4,489,160), or pNG2 (Serwold-
Davis et al., FEMS Microbiology Letters 66, 119-124
(1990)), or pAG1 (U.S. Pat. No. 5,158,891), can be used in
the same manner (O. Kirchner 2003, J. Biotechnol. 104:
287-99). Regulatable expression vectors may also be used,
such as pEKEx2 (B. Eikmanns, 1991 Gene 102:93-8; 0.
Kirchner 2003, J. Biotechnol. 104:287-99). The gene can
also be expressed by integration into the chromosome as a
single copy (P. Vasicova 1999, J. Bacteriol. 181:6188-91) or
multiple copy (D. Reinscheid 1994 Appl. Environ Microbiol
60:126-132). Transformation of the desired strain with the
vector to increase the copy number is accomplished by
conjugation or electroporation of the desired strain of C.
glutamicum, for example. The process of conjugation is
described, for example, in Schafer et al. (Applied and
environmental Microbiology (1994) 60:756-759). Processes
for transformation are described, for example, in Tauch et al.
(FEMS Microbiological Letters (1994) 123:343-347).

A further variant of the present invention relates to a
coryneform bacterial cell, characterized in that the increased
activity of the D-xylose dehydrogenase activity is based on
modifications selected from the group comprising a) an
increase in the expression of the encoding nucleic acid
sequence, b) an expression of a nucleic acid sequence of
fragments thereof encoding a D-xylose dehydrogenase with
increased catalytic activity and/or substrate specificity, ¢) an
increase in the stability of the mRNA derived from the
encoding nucleic acid sequence, or d) a modification in the
catalytic activity and/or substrate specificity of a homolo-
gous D-xylose dehydrogenase for the conversion of D-xy-
lose or a combination of a)-d). The increase in mRNA
stability can be achieved, for example, by mutation of the
terminal positions which control the termination of tran-
scription. Measures which lead to a modification of the
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catalytic properties of enzyme proteins, in particular to a
modified substrate specificity, are known from the prior art.
In addition to preferred partial or complete deletions of
regulatory structures according to certain embodiments of
the invention, the invention also includes modifications,
such as transitions, transversions, or insertions, as well as
directed evolution processes. Instructions for generating
such modifications can be found in known textbooks (R.
Knippers “Molekulare Genetik [Molecular Genetics],” 8th
edition, 2001, Georg Thieme Verlag, Stuttgart, Germany).

A preferred variant of the present invention comprises a
coryneform bacterial cell in which the functionality of one
or more operatively linked IolR binding sites in the regula-
tory, non-coding region of the nucleic acid sequence encod-
ing the D-xylose dehydrogenase is reduced or turned off, or
one or more IolR binding sites are partially or completely
deleted.

The present invention also relates to a coryneform bac-
terial cell which has a nucleic acid sequence with one or
more nucleotide substitutions or nucleotide deletions in the
operatively linked IolR binding sites of the i0lC gene cluster
(containing the nucleic acid sequence i0lG encoding the
D-xylose dehydrogenase according to certain embodiments
of the invention). Preferred variants according to certain
embodiments of the invention comprise sequences selected
from the group of SEQ ID NO. 7 and SEQ ID NO. 8. Further
variants according to certain embodiments of the invention
comprise sequences selected from the group comprising
SEQ ID NO. 63 and SEQ ID NO. 64.

The present invention furthermore relates to a coryneform
bacterial cell having a nucleic acid sequence with one or
more nucleotide substitutions or nucleotide deletions in the
operatively linked IolR binding sites of the iolT1 gene.
Variants according to certain embodiments of the invention
comprise sequences selected from the group of nucleic acid
sequences SEQ ID NO. 9 and SEQ ID NO. 10.

An advantage of the modification according to certain
embodiments of the invention of the IolR binding sites in the
regulatory region, which is associated with the nucleic acid
sequence according to certain embodiments of the invention
encoding the D-xylose dehydrogenase according to certain
embodiments of the invention, is that the corresponding
coryneform bacteria according to certain embodiments of
the invention are not modified recombinantly. It is particu-
larly advantageous that the IolR regulator protein itself or
the correspondingly encoding i0lR gene is not modified.
This has the enormous advantage that negative physiological
effects are excluded as a consequence of an inactivation of
i0lR/1olR. As non-GMO, the bacterial cells according to
certain embodiments of the invention thus represent a very
attractive platform for the large-scale or industrial produc-
tion of D-xylonate in a homologous system.

Certain embodiments of the present invention thus also
relate to a coryneform bacterial cell which is not recombi-
nantly modified. Thus, the invention also includes a coryne-
form bacterial cell which is not genetically modified (non-
GMO).

Certain embodiments of the present invention also relate
to a coryneform bacterial cell in which the increased copy
number of a nucleic acid sequence encoding D-xylose
dehydrogenase according to the invention is chromosomally
encoded.

Certain embodiments of the present invention also relate
to a coryneform bacterial cell in which the increased copy
number of a nucleic acid sequence encoding D-xylose
dehydrogenase according to the invention is vector-encoded,
preferably plasmid-encoded.
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Preferred variants of the present invention include coryne-
form bacteria in which the i0lG gene is chromosomally
encoded at an increased copy number and the corresponding
IolR binding sites are deleted. In a further preferred variant,
the coryneform bacterial cell according to certain embodi-
ments of the invention additionally comprises an iolT1 gene
modified by deletions, which because of this is expressed
IolR-independently. These non-recombinant, i.e., homolo-
gous, and also precisely defined, coryneform bacterial cells
are advantageously suitable for the large-scale microbial
production of D-xylonate in solutions with D-xylose-con-
taining carbon and energy sources.

According to certain embodiments of the invention, in
addition to increasing the xylose dehydrogenase activity, it
may be advantageous for the production of D-xylonate to
modify the expression or activity of one or more other genes
or proteins which are likewise regulated by the regulator
protein IolR.

Normally, genetically unmodified coryneform bacteria
cannot metabolize D-xylose as the only source of carbon and
energy. It is known that the so-called isomerase and Weim-
berg metabolic pathway must be implemented heterolo-
gously for the oxidative metabolization of D-xylose in
coryneform bacteria. Through the heterologous expression
of corresponding genes from organisms such as xylB from
Caulobacter crescentus, a coryneform bacterium can also
convert D-xylose enzymatically. However, a heterologous
expression is primarily undesirable according to certain
embodiments of the invention due to the associated negative
properties for industrial D-xylonate production. It is further-
more known that a myo-inositol/proton symporter (IolT1),
the genes of which are controlled by the IolR regulator
protein, contributes to the uptake of D-xylose in the cell of
coryneform bacteria. Thus, by modifications, such as dele-
tions or nucleotide substitutions, in the regulatory region of
the 10lT1 gene, by means of which the binding of the iolR
regulator gene is prevented, a bacterial strain independent of
the regulation of the i0IR regulator can thus be generated. In
a further variant of a coryneform bacterial cell according to
certain embodiments of the invention, a deregulated iolT1
gene is present in which an inventive enhanced expression
and/or increased activity of the D-xylose dehydrogenase
according to certain embodiments of the invention is also
present. The i01T2 gene is also relevant for D-xylose catabo-
lism. The invention includes a coryneform bacterial cell
containing an enhanced expression of i0lT2 gene and/or an
increased activity of the myo-inositol/proton symporter
TolT2.

Another embodiment of the present invention is a coryne-
form bacterial cell a) wherein the activity of a D-xylose
dehydrogenase according to certain embodiments of the
invention is increased, b) wherein a nucleic acid sequence
according to certain embodiments of the invention encoding
a D-xylose dehydrogenase according to certain embodi-
ments of the invention is enhancedly expressed, ¢) wherein
a nucleic acid sequence encoding a myo-inositol/proton
symporter (IolT1) according to SEQ ID NO. 3 or fragments
or alleles thereof is enhancedly expressed, d) wherein a
myo-inositol/proton symporter 1olT1 with an amino acid
sequence according to SEQ ID NO. 4 or fragments thereof
has increased activity, e) having a nucleic acid sequence
encoding a myo-inositol/proton symporter (IolT1) having
one or more nucleotide substitutions or nucleotide deletions
in the operatively linked IolR binding sites of the i01T1 gene
selected from the group of nucleic acid sequences SEQ ID
NO. 9 and SEQ ID NO. 10 or fragments thereof, ) wherein
a nucleic acid sequence encoding a myo-inositol/proton
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symporter (IolT2) according to SEQ ID NO. 5 or fragments
or alleles thereof is enhancedly expressed, g) wherein a
myo-inositol/proton symporter olT2 with an amino acid
sequence according to SEQ ID NO. 6 or fragments thereof
is increased in its activity, h) wherein both nucleic acid
sequences encoding myo-inositol/proton symporters lolT1/
2/according to ¢) and f) are enhancedly expressed, i) wherein
both myo-inositol/proton symporters 1o1T1/2 according to d)
and g) have increased activity, j) having a nucleic acid
sequence, wherein the functionality of one or more opera-
tively linked IolR binding sites in the regulatory, non-coding
region of the 10lC gene cluster (containing i0lG encoding a
D-xylose dehydrogenase according to certain embodiments
of the invention) is reduced or turned off, or one or more
IolR binding sites are partially or completely deleted, k)
having a nucleic acid sequence, which has one or more
nucleotide substitutions or nucleotide deletions in the opera-
tively linked IolR binding sites of the i0lC gene cluster,
preferably selected from the group consisting of nucleic acid
sequences according to SEQ ID NO. 7, SEQ ID NO. 8, SEQ
ID NO. 63, and SEQ ID NO. 64 or fragments or alleles
thereof, or 1) a combination of a)-k).

In a preferred variant of a coryneform bacterial cell
according to certain embodiments of the invention, said cell
comprises defined modifications of its genome, namely
those of a deregulated i0lT1 gene and of a deregulated i0lG
gene. Furthermore preferred are modifications to the regu-
latory regions of the i0lT1 gene or/and i0lG gene (or of the
10lC gene cluster containing the i0lG gene). In particular,
preference is given here to substitutions or deletions of the
binding sites of the IolR regulator protein. Deletions are
furthermore preferred. The bacterial cells according to cer-
tain embodiments of the invention are not genetically modi-
fied and have no recombinant DNA, which makes them
particularly advantageous for use in the large-scale produc-
tion of D-xylonate, such as in the pharmaceutical or food
industry.

In a variant of the present invention, a nucleic acid
sequence encoding a myo-inositol regulator IolR or frag-
ments or alleles thereof may also be completely or partially
deleted or the expression of an iolR gene may be reduced or
be absent or a myo-inositol regulator IolR may be reduced
in its activity or completely turned off.

Preferred variants of a coryneform bacterial cell are
selected from the group comprising Corynebacterium,
Brevibacterium, in particular Corynebacterium glutamicum,
Corynebacterium acetoglutamicum, Corynebacterium ther-
moaminogenes, Brevibacterium flavum, Brevibacterium lac-
tofermentum, or Brevibacterium divaricatum. Particularly
preferred variants of a coryneform bacterial cell are selected
from the group consisting of Corynebacterium glutamicum
ATCC13032, Corynebacterium acetoglutamicum
ATCC15806, Corynebacterium acetoacidophilum
ATCC13870, Corynebacterium thermoaminogenes FERM
BP-1539, Brevibacterium flavum ATCC14067, Brevibacte-
rium lactofermentum ATCC 13869, or Brevibacterium
divaricatum ATCC 14020. Corynebacterium glutamicum is
particularly preferred but not limiting.

A D-xylose dehydrogenase according to certain embodi-
ments of the invention, a nucleic acid sequence according to
certain embodiments of the invention encoding it, and a use
according to certain embodiments of the invention are also
suitable for the preparation of D-xylonate in the broadest
sense, in which, for example, a homologous expression
system is not absolutely necessary. Thus, the invention also
includes heterologous systems or host cells or organisms
having the D-xylose dehydrogenase according to certain
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embodiments of the invention and/or the nucleic acid
sequence according to certain embodiments of the invention
encoding it and/or in which a use according to certain
embodiments of the invention of the aforementioned ele-
ments (such as (regulatory) sequences, genes, proteins) or a
process for the preparation of D-xylonate takes place. Thus,
the invention includes both a coryneform bacterial cell and
also a heterologous host system in which the expression of
the i0lR gene is reduced or is absent, or the i0lR gene is
partially or completely deleted, or the IolR regulator protein
is reduced in its activity or is completely turned off.

Further variants according to certain embodiments of the
invention relate to an in-vitro preparation of D-xylonate,
preferably an enzymatic preparation with the aid of a puri-
fied D-xylose dehydrogenase according to certain embodi-
ments of the invention. Preferred according to certain
embodiments of the invention is a microbial preparation
(e.g., culture) of D-xylonate in host cells selected from the
group comprising coryneform bacteria, yeasts, and fungi.
Particularly preferred according to certain embodiments of
the invention is a microbial preparation of D-xylonate in
host cells of the genus selected from the group comprising
Corynebacterium, Brevibacterium, Saccharomyces, and
Aspergillus. Very particularly preferred according to certain
embodiments of the invention is a microbial preparation
(e.g., culture) of D-xylonate in Corynebacterium. The inven-
tion also includes D-xylose preparation with Saccharomyces
cerevisiae, Aspergillus niger, or Corynebacterium glutami-
cum.

Another embodiment of the invention relate to a use of the
D-xylose dehydrogenase according to certain embodiments
of the invention or the nucleic acid sequence according to
certain embodiments of the invention encoding it for use in
heterologous systems or in-vitro systems for biotechnologi-
cal preparation of D-xylonate from D-xylose.

Another embodiment of the present invention is a process
for preparing D-xylonate, comprising the following steps:

e) providing a solution containing water and a C5 carbon
source,

) microbial reaction of the C5 carbon source in a solution
according to step a) to form D-xylonate in the presence
of a coryneform bacterial cell according to certain
embodiments of the invention in which the expression
of a nucleic acid sequence encoding a homologous
D-xylose dehydrogenase is enhanced and/or in which
the activity of a homologous D-xylose dehydrogenase
is increased, and

g) optionally isolating and/or conditioning D-xylonate
from the solution.

According to the invention, “solution” is equivalent in
meaning to “medium,” “culture medium,” “culture broth,”
or “culture solution.” Within the meaning of the present
invention, “microbial” is equivalent in meaning to “biotech-
nological” or “fermentative.” According to the invention,
“reaction” is equivalent in meaning to “metabolization” or
“cultivation.” According to the invention, “conditioning” is
equivalent in meaning to “separation,” “concentration,” or
“purification.”

A coryneform bacterial cell according to certain embodi-
ments of the invention is used in variants of the process
according to certain embodiments of the invention. The
invention comprises a process in which the D-xylose dehy-
drogenase in step b) has an amino acid sequence of at least
70% identity to the amino acid sequence according to SEQ
ID NO. 2 or fragments thereof or is encoded by a nucleic
acid sequence which has at least 70% identity to the nucleic
acid sequence according to SEQ ID NO. 1 or fragments or
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alleles thereof. A further variant of the present invention
includes a process using a coryneform bacterial cell accord-
ing to certain embodiments of the invention a) wherein the
activity of a D-xylose dehydrogenase according to certain
embodiments of the invention is increased, b) wherein a
nucleic acid sequence according to certain embodiments of
the invention encoding a D-xylose dehydrogenase according
to certain embodiments of the invention is enhancedly
expressed, ¢) wherein a nucleic acid sequence encoding a
myo-inositol/proton symporter (IolT1) according to SEQ ID
NO. 3 or fragments or alleles thereof is enhancedly
expressed, d) wherein a myo-inositol/proton symporter IolT
1 with an amino acid sequence according to SEQ ID NO. 4
or fragments thereof is increased in its activity, e) having a
nucleic acid sequence encoding a myo-inositol/proton sym-
porter (IolT1) having one or more nucleotide substitutions or
nucleotide deletions in the operatively linked IolR binding
sites of the i0lT1 gene selected from the group of nucleic
acid sequences SEQ ID NO. 9 and SEQ ID NO. 10 or
fragments or alleles thereof, f) wherein a nucleic acid
sequence encoding a myo-inositol/proton symporter (IolT2)
according to SEQ ID NO. 5 or fragments or alleles thereof
is enhancedly expressed, g) wherein a myo-inositol/proton
symporter [olT2 with an amino acid sequence according to
SEQ ID NO. 6 or fragments thereof is increased in its
activity, h) wherein both nucleic acid sequences encoding
myo-inositol proton symporters lolT1/2/according to ¢) and
f) are enhancedly expressed, i) wherein both myo-inositol/
proton symporters 1olT1/2 according to d) and g) are
increased in their activity, j) having a nucleic acid sequence,
wherein the functionality of one or more operatively linked
IolR binding sites in the regulatory, non-coding region of the
i0lC gene cluster (containing i0lG encoding a D-xylose
dehydrogenase according to certain embodiments of the
invention) is reduced or turned off, or one or more IolR
binding sites are partially or completely deleted, k) having
a nucleic acid sequence, which has one or more nucleotide
substitutions or nucleotide deletions in the operatively
linked IolR binding sites of the i0lC gene cluster, preferably
selected from the group consisting of nucleic acid sequences
according to SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO.
63. and SEQ ID NO. 64 or fragments or alleles thereof, or
1) a combination of a)-k).

In a variant of the process according to certain embodi-
ments of the invention, a coryneform bacterial cell can also
be used, which has a nucleic acid sequence encoding a
myo-inositol regulator IolR or fragments thereof, which are
completely or partially deleted or in which the expression of
an iolR gene is reduced or absent, or a myo-inositol regu-
lator IolR which is reduced in activity or completely turned
off.

Another embodiment of the present invention is a process
in which the microbial reaction to form D-xylonate takes
place in a solution containing water and a C5 carbon source
selected from the group comprising:

h) oligosaccharides or polysaccharides containing D-xy-

lose units,

i) D-xylose, preferably at a concentration of at least 10
gL,

j) biomass containing lignocellulose, cellulose, or hemi-
cellulose, the hydrolyzate thereof or extract obtained
therefrom containing D-xylose units, and

k) a combination of a) to c).

In a preferred variant of the process according to certain
embodiments of the invention, bagasse, preferably cane
sugar bagasse, its hydrolyzate or extract obtained therefrom
containing D-xylose is used as the C5 carbon source. One
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variant of the process according to certain embodiments of
the invention includes a process in which the culture solu-
tion contains D-glucose, preferably at least 8 to 10 gL ™", as
carbon and energy sources at the beginning of the cultiva-
tion, alongside D-xylose.

The culture medium to be used should adequately satisfy
the requirements of the respective microorganisms. Descrip-
tions of culture media of various microorganisms are con-
tained in the handbook “Manual of Methods for General
Bacteriology” of the American Society for Bacteriology
(Washington D.C., USA, 1981). Besides D-xylose as start-
ing substrate for D-xylonate formation, sugar and carbohy-
drates, such as glucose, sucrose, lactose, fructose, maltose,
molasses, starch and cellulose, oils and fats, such as soya oil,
sunflower oil, peanut oil, and coconut oil, fatty acids, such
as palmitic acid, stearic acid, and linoleic acid, alcohols,
such as glycerol and ethanol, and organic acids, such as
acetic acid, can be used as carbon source. These substances
can be used individually or as a mixture. The nitrogen source
used may be organic, nitrogen-containing compounds, such
as peptones, yeast extract, meat extract, malt extract, maize
steeping liquor, soybean meal, and urea or inorganic com-
pounds, such as ammonium sulfate, ammonium chloride,
ammonium phosphate, ammonium carbonate, and ammo-
nium nitrate. The nitrogen sources can be used individually
or as a mixture. Potassium dihydrogen phosphate or dipo-
tassium hydrogen phosphate or the corresponding sodium-
containing salts can be used as phosphorus source. The
culture medium should furthermore contain salts of metals,
such as magnesium sulfate or iron sulfate, which are nec-
essary for growth. Ultimately, it is possible to use essential
growth substances, such as amino acids and vitamins, in
addition to the aforementioned substances. The starting
materials mentioned can be added to the culture in the form
of a one-off batch or fed in appropriately during cultivation.
For the pH control of the culture, basic compounds, such as
sodium hydroxide, potassium hydroxide, ammonia, or acidic
compounds, such as hydrochloric acid, phosphoric acid, or
sulfuric acid, are used in an appropriate manner. Antifoam
agents, such as fatty acid polyglycol esters, can be used to
control foam development. Suitable selective substances,
such as antibiotics, can be added to the medium in order to
maintain the stability of plasmids. In order to maintain
aerobic conditions, oXygen or oXygen-containing gas mix-
tures, such as air, are introduced into the culture. The
temperature of the culture is normally from 20% to 45%, and
preferably from 25% to 40%. The culture is continued until
a maximum of D-xylonate has formed. This target is nor-
mally achieved within 10 hours to 160 hours.

Another embodiment of the present invention relates to a
process in which cultivation takes place discontinuously or
continuously, preferably in batch, fed batch, repeated fed
batch mode or as a one-pot hydrolysis fermentation process.

A preferred variant of a process according to certain
embodiments of the invention takes place in fed batch mode.
Particularly preferred is the “feeding in” of D-xylose.

Another embodiment of the invention includes a process
in which the cultivation of a coryneform bacterial cell
according to certain embodiments of the invention takes
place in a solution which additionally contains D-glucose,
preferably in concentrations of at least 8 to 10 gL.™!. The
invention also relates to a process in which the cultivation of
a coryneform bacterial cell according to certain embodi-
ments of the invention takes place in a solution which
additionally contains components selected from the group:
a) nitrogen, preferably ammonium chloride, b) phosphate,
preferably potassium phosphate, ¢) biotin, and d) a combi-

20

40

45

55

20

nation of a)-c). This process is particularly preferred in the
cultivation of a coryneform bacterial cell according to
certain embodiments of the invention with bagasse, prefer-
ably cane sugar bagasse, its hydrolyzate or extract contain-
ing D-xylose obtained therefrom, as C5 carbon source. The
use of biotin is not absolutely necessary for cultivation on
bagasse, preferably hydrolyzed bagasse.

In a preferred variant of the process according to certain
embodiments of the invention, a coryneform bacterial cell is
used which is not modified recombinantly. Thus, the inven-
tion also includes a process in which a coryneform bacterial
cell which is not genetically modified (non-GMO) is used.

Another embodiment of the present invention relates to
the use of a D-xylose dehydrogenase according to certain
embodiments of the invention or a nucleic acid sequence
according to certain embodiments of the invention or a
coryneform bacterial cell according to certain embodiments
of the invention for preparing D-xylonate. In one variant of
the present invention, D-xylonate is prepared in vitro with
purified enzyme.

Another embodiment of the invention relates to the use of
a D-xylose dehydrogenase according to certain embodi-
ments of the invention or a nucleic acid sequence according
to certain embodiments of the invention for preparing a host
system selected from the group comprising coryneform
bacteria, preferably Corynebacterium or Brevibacterium,
yeasts, preferably Saccharomyces, and fungi, preferably
Aspergillus. The invention also includes a nucleotide
sequence selected from the group SEQ ID NO. 9 or SEQ ID
NO. 10, preferably in combination with a nucleic acid
sequence according to certain embodiments of the invention,
for preparing coryneform bacterial cells for the preparation
of D-xylonate. A preferred variant of the present invention
is used for the microbial preparation of D-xylonate Coryne-
bacterium glutamicum.

Another embodiment of the present invention furthermore
relates to a composition containing D-xylonate prepared
with a purified enzyme, an enzyme encoded by a nucleic
acid sequence, a coryneform bacterial cell, or a process
according to the described variants of the present invention.
The composition according to certain embodiments of the
invention may comprise further substances which are advan-
tageous in the preparation of the desired products. A selec-
tion is known to the person skilled in the art from the prior
art.

Another embodiment of the present invention is the use of
D-xylonate prepared with a purified enzyme, an enzyme
encoded by a nucleic acid sequence, a coryneform bacterial
cell or according to a process according to the described
variants of the present invention, and the use of an afore-
mentioned composition for preparing pharmaceuticals, food,
feeds, solvents, colorants, and/or components of the building
material industry, preferably cement or concrete. D-xylonate
here has the potential to specifically improve the properties
of cement or concrete. According to certain embodiments of
the invention, it is used as a water reducer, dispersant, or
retarder for prolonging the setting time of cement or con-
crete or other building materials.

Tables and Figures

Table 1 shows an overview of bacterial strains and plas-
mids of certain embodiments of the present invention. The
various strains C. glutamicum ATCC13032 iolG', C. gluta-
micum ATCC13032 i0lG?, and C. glutamicum ATCC13032
i0lG® represent three integration strains of C. glutamicum
ATCC13032 with a different number of i0lG copies. The
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strain C. glutamicum ATCC13032 iolG" has an integration
of the homologous 101G gene in the chromosome, this being
in the intergenic region between C. cgll121 and cgl122.
i0lG* is based on i0lG* and additionally contains a second
integration of the homologous i0lG gene in the intergenic
region between cg0901 and cg0902. i0lG> is based on iolG*
and additionally contains a third integration of the homolo-
gous 10lG gene in the intergenic region between ¢g3327 and
cg3328.
Table 2 shows an overview of the SEQ ID NOs of certain
embodiments of the present invention.
according to certain embodiments of the inventionaccord-
ing to certain embodiments of the inventionaccording
to certain embodiments of the inventionaccording to
certain embodiments of the inventionaccording to cer-
tain embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the inventionaccording to certain
embodiments of the invention
The present invention is explained in more detail by the
following examples, which, however, are not limiting:
Modification of the regulatory binding site in the promoter
region of the myo-inositol transporter IolT1 by nucleotide
substitutions in C. glutamicum
C. glutamicum ATCC13032 PosiolT1 were constructed
according to Niebisch and Bott (2001) (https://doi.org/
10.1007/5002030100262) with the vector pK19mobsacB via
double homologous recombination (Schafer et al., 1994)
(https://doi.org/10.1016/0378-1119(94)90324-7). To this
end, in a first step, two PCR products were generated which
contained the 5' region upstream of the i0lT1 gene (primer:
PromiolT1_fw_fw/Promiol T1fw_rev) with the two nucleo-
tides to be exchanged or the 3' region of the gene (primer:
Pioltl_rev_fw/Pioltl_rev_rev). 500 base pairs of the flank-
ing regions were amplified in each case for the subsequent
homologous recombination. In the second step, the DNA
fragments were fused together with the pk19mobsacB vector
already cut via restriction endonucleases xBal and EcoRI by
means of Gibson assembly (Gibson et al., 2009) (https://
doi.org/10.1038/NMETH.1318). This resulting plasmid
pK19mobsacB_P06iolT1 was transformed into E. coli
DHS5a by means of heat shock. Due to the kanamycin
resistance gene present on the plasmid, only the clones that
had taken up the plasmid could grow. Said clones were
checked by means of colony PCR and subsequent gel
electrophoresis for the presence of the cloned insert, and its
DNA sequence was determined. After isolation of the plas-
mid, a 150 L. aliquot of electrocompetent C. glutamicum
cells was thawed on ice, mixed with 1-4.5 ug of plasmid and
transferred to a 0.2 cm electroporation cuvette pre-cooled on
ice. The mixture was overlaid with 800 pl, 4° C. cold, 10%
glycerol (v/v) and electroporated in the electroporator (2500
V, 25 uF, 200 Q, 2 mm). After electroporation, the mixture
was transferred to 4 mL of BHIS medium preheated to 46°
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C. and was incubated for 6 min at 46° C. The cells were then
incubated at 170 rpm for two hours at 30° C. and the
suspension was plated onto BHIS-Kan15 agar. The function
of the sacB gene was then tested by transferring the clones
to BHI-Kan25 agar and to BHI-Kan25 agar with 10%
sucrose. In order to be selected for successful excision in a
second recombination event, cells cultured on BHI-Kan25
were cultured for approx. 5 hin 5 mlL BHI medium, and 100
ul of the culture and a 1:10 dilution were plated onto BHI
agar with 10% sucrose. Clones were transterred to BHI-
Kan25 agar and BHI agar with 10% sucrose. A colony PCR
of the sucrose-resistant and kanamycin-sensitive clones
(primer: checkPromiolT1fw/checkPromiolT1 rev) with sub-
sequent DNA sequencing was performed in order to confirm
successful nucleotide substitutions.

Primers:
PromiolTl_ fw_fw:
TGCATGCCTGCAGGTCGACTGAAAAATTGATCAGCAAACACC

PromiolTlfw rev:
GGCAGACACGATATCCCCCGTCAATCGTACATAGGGAA

Pioltl rev_ fw:
CGGGGGATATCGTGTCTGCCACGATTAAAG

pioltl rev_rev:
TTGTAAAACGACGGCCAGTGGAGTCCAAGAAGCACACG

checkPromiolTlfw:
TACGAATGCCCACTTCGCACCCTT

checkPromiolTlrev:
CAACTCATTACGGCCAGCCAGTGAGC

Modification of the Regulatory Binding Site in the Promoter
Region of the Carbohydrate Kinase IolC by Nucleotide
Substitutions in C. glutamicum

C. glutamicum ATCC13032 P,4i0lT1P,,5101C were con-
structed according to Niebisch and Bott (2001) (https://
doi.org/10.1007/s002030100262)  with  the  vector
pK19mobsacB via double homologous recombination
(Schafer et al., 1994) (https://doi.org/10.1016/0378-1119
(94)90324-7). To this end, in a first step, two PCR products
were generated which contained the 5' region upstream of
the 101C gene (primer: PO13 iolC fw/PO13 i0lC rev) with
the two nucleotides to be exchanged or the 3' region of the
gene (primer: PO13 i0lC rev_fw/PO13 iolC rev_rev). 500
base pairs of the flanking regions were amplified in each
case for the subsequent homologous recombination. In the
second step, the DNA fragments were fused together with
the pk19mobsacB vector already cut via restriction endonu-
cleases xBal and EcoRI by means of Gibson assembly
(Gibson et al, 2009) (https://doi.org/10.1038/
NMETH.1318). The resulting plasmid
pK19mobsacB_PO13i0lC was transformed into E. coli
DHS5a by means of heat shock. As a result of the kanamycin
resistance gene present on the plasmid, only the clones that
had taken up the plasmid could grow. Said clones were
checked by means of colony PCR and subsequent gel
electrophoresis for the presence of the cloned insert, and its
DNA sequence was determined. After isolation of the plas-
mid, a 150 L aliquot of electrocompetent C. glutamicum
ATCC13032 PosiolT1 cells was thawed on ice, mixed with
1-4.5 pg of plasmid, and transferred to a 0.2 cm electropo-
ration cuvette pre-cooled on ice. The mixture was overlaid
with 800 ul, 4° C. cold, 10% glycerol (v/v) and electropo-
rated in the electroporator (2500 V, 25 uF, 200 Q, 2 mm).
After electroporation, the mixture was transterred to 4 mL of
BHIS medium preheated to 46° C. and was incubated for 6
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min at 46° C. The cells were then incubated at 170 rpm for
two hours at 30° C. and the suspension was plated onto
BHIS-Kan15 agar. The function of the sacB gene was then
tested by transferring the clones to BHI-Kan25 agar and to
BHI-Kan25 agar with 10% sucrose. In order to be selected
for successful excision in a second recombination event,
cells cultured on BHI-Kan25 were cultured for approx. 5 h
in 5 mIL BHI medium, and 100 pl of the culture and a 1:10
dilution were plated onto BHI agar with 10% sucrose.
Clones were transferred to BHI-Kan25 agar and BHI agar
with 10% sucrose. A colony PCR of the sucrose-resistant
and kanamycin-sensitive clones (primer: Check Prom iolC
fw/Check Prom i0lC_rev) with subsequent DNA sequencing
was performed in order to confirm successful nucleotide
substitutions.

Primers:
PO13 iolC fw:
TGCATGCCTGCAGGTCGACTGGATGCCGTCTTCGAGGC

PO13 iolC rev:
GACCCTCACGATCGCATCCCATGACAATAACAC

PO13 iolC rev_fw:
GGGATGCGATCGTGAGGGTCGCCACATTC

PO13 iolC rev_rev:
TTGTAAAACGACGGCCAGTGCTTGGCTCTTCACTGAAACCAG

Check Prom iolC fw:
TCTCGTTTTCTAGGCGTGCTCCGGG

Check Prom iolC rev:
CGACGGTTCGCACGAGTAGTCA

Modification of the Regulatory Binding Site in the Promoter
Region of the Carbohydrate Kinase IolC by Nucleotide
Substitutions in C. glutamicum

C. glutamicum ATCC13032 Pgi0lT1P 55 56101C were
constructed according to Niebisch and Bott (2001) (DOI
10.1007/5002030100262) with the vector pK19mobsacB via
double homologous recombination (Schafer et al., 1994)
(https://doi.org/10.1016/0378-1119(94)90324-7). To this
end, in a first step, two PCR products were generated which
contained the 5' region upstream of the encoding region of
the i0lC gene (primer: PO5-PO9 i0lC_fw_{fw/POS5 PO9i0lC-
fw_rev) with the four nucleotides to be exchanged or the 3'
end of 10lC (primer: PO5-PO9%iolC_rev_{w/PO5
PO9%101C_rev_rev). 500 base pairs of the flanking regions
were amplified in each case for the subsequent homologous
recombination. In the second step, the DNA fragments were
fused together with the pk19mobsacB vector already cut via
restriction endonucleases xBal and EcoRI by means of
Gibson assembly (Gibson et al, 2009) (DOI: 10.1038/
NMETH.1318). The resulting plasmid was transformed into
E. coli DH5 by means of heat shock. As a result of the
kanamycin resistance gene present on the plasmid, only the
clones that had taken up the plasmid could grow. These were
checked by means of colony PCR and subsequent gel
electrophoresis for the presence of the moned insert, and its
DNA sequence determined. After isolation of the plasmid, a
150 uL. aliquot of electrocompetent C. glutamicum
ATCC13032 PgiolT/cells was thawed on ice, mixed with
1-4.5 pg of plasmid, and transferred to a 0.2 cm electropo-
ration cuvette pre-cooled on ice. The mixture was overlaid
with 800 ul, 4° C. cold, 10% glycerol (v/v) and electropo-
rated in the electroporator (2500 V, 25 uF, 200 Q, 2 mm).
After electroporation, the mixture was transtferred to 4 mL of
BHIS medium preheated to 46° C. and was incubated for 6
min at 46° C. The cells were then incubated at 170 rpm for
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two hours at 30° C. and the suspension was plated onto
BHIS-Kan15 agar. The function of the sacB gene was then
tested by transferring the clones to BHI-Kan25 agar and to
BHI-Kan25 agar with 10% sucrose. In order to be selected
for successful excision in a second recombination event,
cells cultured on BHI-Kan25 were cultured for approx. 5 h
in 5 mIL BHI medium, and 100 pl of the culture and a 1:10
dilution were plated onto BHI agar with 10% sucrose.
Clones were transferred to BHI-Kan25 agar and BHI agar
with 10% sucrose. A colony PCR of the sucrose-resistant
and  kanamycin-sensitive  clones  (primer: = POS5-
PO9%101C_check_fw/PO5_PO9%i0lC_check_rev) with subse-
quent DNA sequencing was performed in order to confirm
successful nucleotide substitutions.

Primers:
PO5-P09 i0lC_fw_ fw:
TGCATGCCTGCAGGTCGACTGGTTGGCGTTTTTGAGGTC

PO5-P09 i0lC_fw rev:
TAAGTTTCGCTACTCATTCCCTAATGCAAGTGATAATCC
CAGATCAATAAA

PO5-P09i0l1C rev_fw:
GGAATGAGTAGCGAAACTTAGTGAAAAGGGCAGAGTTTG
CAGGTCATAGGGTGCAA

PO5-P09i0l1C rev_rev:
TTGTAAAACGACGGCCAGTGTCCAGCTCAGCAAGCAGG

PO5-P0910l1C check_ fw:
GAGTTTTTCTGCGATGGCGGAACTT

PO5-P09i01C check rev:
GGGGTCTTAAAAGTCTGATCGGTGG

Modification of the Regulatory Binding Site in the Promoter
Region of the Myo-Inositol Transporter 1olT1 by Nucleotide
Deletions in C. glutamicum

C. glutamicum ATCC13032 AP qolT/were constructed
according to Niebisch and Bott (2001) (https://doi.org/
10.1007/5002030100262) with the vector pK19mobsacB via
double homologous recombination (Schafer et al., 1994)
(https://doi.org/10.1016/0378-1119(94)90324-7). To this
end, in a first step, two PCR products were generated which
contained the 5' region upstream of the i0lT1 gene (primer:
DPOG6iolT1_Fw_fw/DPO6iolT1_Fw_rev) with the two
deleted nucleotides or the 3' region of the gene (primer:
DPOG6iolT1_rev_fw/DPO6iolT1_rev_rev). 500 base pairs of
the flanking regions were amplified in each case for the
subsequent homologous recombination. In the second step,
the DNA fragments were fused together with the
pkl9mobsacB vector already cut via restriction endonu-
cleases xBal and EcoRI by means of Gibson assembly
(Gibson et al, 2009) (https://doi.org/10.1038/
NMETH.1318). The resulting plasmid pK19mobsacB_A
PosiolT1 was transformed into . coli DHS5a by means of
heat shock. As a result of the kanamycin resistance gene
present on the plasmid, only the clones that had taken up the
plasmid could grow. Said clones were checked by means of
colony PCR and subsequent gel electrophoresis for the
presence of the cloned insert, and its DNA sequence was
determined. After isolation of the plasmid, a 150 ulL aliquot
of electrocompetent C. glutamicum cells was thawed on ice,
mixed with 1-4.5 ug of plasmid, and transferred to a 0.2 cm
electroporation cuvette pre-cooled on ice. The mixture was
overlaid with 800 pL, 4° C. cold, 10% glycerol (v/v) and
electroporated in the electroporator (2500 V, 25 uF, 200 Q,
2 mm). After electroporation, the mixture was transferred to
4 ml. of BHIS medium preheated to 46° C. and was
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incubated for 6 min at 46° C. The cells were then incubated
at 170 rpm for two hours at 30° C. and the suspension was
plated onto BHIS-Kan15 agar. The function of the sacB gene
was then tested by transferring the clones to BHI-Kan25
agar and to BHI-Kan25 agar with 10% sucrose. In order to
be selected for successful excision in a second recombina-
tion event, cells cultured on BHI-Kan25 were cultured for
approx. 5 h in 5 mL. BHI medium, and 100 pl of the culture
and a 1:10 dilution were plated onto BHI agar with 10%
sucrose. Clones were transferred to BHI-Kan25 agar and
BHI agar with 10% sucrose. A colony PCR of the sucrose-
resistant and kanamycin-sensitive clones (primer:
checkPromiolT1fw/checkPromiolT1rev) with subsequent
DNA sequencing was performed in order to confirm suc-
cessful deletion.

Primers:
DPO6iolTl_Fw_fw:
TGCATGCCTGCAGGTCGACTAATTGATCAGCAAACACC

DPO6iolTl_Fw_rev:
ATCGTGGCAGACACGATATCCCGTCAATC

DPO6iolTl_rev_fw:
GATATCGTGTCTGCCACGATTAAAGACATTG

DPO6iolTl_rev_rev:
TTGTAAAACGACGGCCAGTGACTGCGAGTCCAAGAAGC

checkPromiolTlfw:
TACGAATGCCCACTTCGCACCCTT

checkPromiolTlrev:
CAACTCATTACGGCCAGCCAGTGAGC

Modification of the Regulatory Binding Site in the Promoter
Region of the Carbohydrate Kinase IolC by Nucleotide
Deletions in C. glutamicum

C. glutamicum ATCC13032 P4iolT1 AP, ;i0lC were
constructed according to Niebisch and Bott (2001) (https://
doi.org/10.1007/s002030100262)  with  the  vector
pK19mobsacB via double homologous recombination
(Schafer et al., 1994) (https://doi.org/10.1016/0378-1119
(94190324-7). To this end, in a first step, two PCR products
were generated which contained the 5' region upstream of
the i0lC gene (primer: DPO13i0lC_fw_fw/
DPO13i0lC_fw_rev) with the two deleted nucleotides or the
3' region of the gene (primer: DPOI13i0lC_rev_fw/
DPO13i0lC_rev_rev). 500 base pairs of the flanking regions
were amplified in each case for the subsequent homologous
recombination. In the second step, the DNA fragments were
fused together with the pk19 mobsacB vector already cut via
restriction endonucleases xBal and EcoRI by means of
Gibson assembly (Gibson et al., 2009) (https://doi.org/
10.1038/NMETH.1318). The resulting plasmid
pK19mobsacB_A P, ;i0lC was transformed into E. coli
DHS5a by means of heat shock. As a result of the kanamycin
resistance gene present on the plasmid, only the clones that
had taken up the plasmid could grow. Said clones were
checked by means of colony PCR and subsequent gel
electrophoresis for the presence of the cloned insert, and its
DNA sequence was determined. After isolation of the plas-
mid, a 150 L. aliquot of electrocompetent C. glutamicum
ATCC13032 P 4i0lT1 cells was thawed on ice, mixed with
1-4.5 pg of plasmid, and transferred to a 0.2 cm electropo-
ration cuvette pre-cooled on ice. The mixture was overlaid
with 800 ul, 4° C. cold, 10% glycerol (v/v) and electropo-
rated in the electroporator (2500 V, 25 uF, 200 Q, 2 mm).
After electroporation, the mixture was transtferred to 4 mL of
BHIS medium preheated to 46° C. and was incubated for 6
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min at 46° C. The cells were then incubated at 170 rpm for
two hours at 30° C. and the suspension was plated onto
BHIS-Kan15 agar. The function of the sacB gene was then
tested by transferring the clones to BHI-Kan25 agar and to
BHI-Kan25 agar with 10% sucrose. In order to be selected
for successful excision in a second recombination event,
cells cultured on BHI-Kan25 were cultured for approx. 5 h
in 5 mIL BHI medium, and 100 pl of the culture and a 1:10
dilution were plated onto BHI agar with 10% sucrose.
Clones were transferred to BHI-Kan25 agar and BHI agar
with 10% sucrose. A colony PCR of the sucrose-resistant
and kanamycin-sensitive clones (primer: Check Prom iolC
fw/Check Prom i0lC rev) with subsequent DNA sequencing
was performed in order to confirm successful deletion.

Primers:
DPO13iolC_fw_fw:
TGCATGCCTGCAGGTCGACTCCGTCTTCGAGGCGTTGG

DPO13iolC_fw_rev:
GTGGCGACCCTCACGATCGCATCCCATG

DPO13iolC_rev_fw:
GCGATCGTGAGGGTCGCCACATTCCATC

DPO13iolC_rev_rev:
TTGTAAAACGACGGCCAGTGCGCGGCTTGGCTCTTCAC

Check Prom iolC fw:
TCTCGTTTTCTAGGCGTGCTCCGGG

Check prom iolC rev:
CGACGGTTCGCACGAGTAGTCA

Modification of the Regulatory Binding Site in the Promoter
Region of the Carbohydrate Kinase IolC by Nucleotide
Deletions in C. glutamicum

C. glutamicum ATCC13032 PosiolT1 AP, ,101C were
constructed according to Niebisch and Bott (2001) (https://
doi.org/10.1007/s002030100262)  with  the  vector
pK19mobsacB via double homologous recombination
(Schafer et al., 1994) (https://doi.org/10.1016/0378-1119
(94)90324-7). To this end, in a first step, two PCR products
were generated which contained the 5' region upstream of
the i0lC gene (primer: APOS5-PO9i0lC_fw_{w/APOS-
PO9%101C_fw_rev) with the two deleted nucleotides or the 3'
region of the gene (primer: APOS PO9i0lC_rev_fw/APOS
PO9%101C_rev_rev). 500 base pairs of the flanking regions
were amplified in each case for the subsequent homologous
recombination. In the second step, the DNA fragments were
fused together with the pk19mobsacB vector already cut via
restriction endonucleases xBal and EcoRI by means of
Gibson assembly (Gibson et al., 2009) (https://doi.org/
10.1038/NMETH.1318). The resulting plasmid
pK19mobsacB_A P 5 oo10lC was transformed into E. coli
DHS5a by means of heat shock. As a result of the kanamycin
resistance gene present on the plasmid, only the clones that
had taken up the plasmid could grow. Said clones were
checked by means of colony PCR and subsequent gel
electrophoresis for the presence of the cloned insert, and its
DNA sequence was determined. After isolation of the plas-
mid, a 150 L aliquot of electrocompetent C. glutamicum
ATCC13032 PosiolT1 cells was thawed on ice, mixed with
1-4.5 pg of plasmid, and transferred to a 0.2 cm electropo-
ration cuvette pre-cooled on ice. The mixture was overlaid
with 800 ul, 4° C. cold, 10% glycerol (v/v) and electropo-
rated in the electroporator (2500 V, 25 uF, 200 Q, 2 mm).
After electroporation, the mixture was transterred to 4 mL of
BHIS medium preheated to 46° C. and was incubated for 6
min at 46° C. The cells were then incubated at 170 rpm for
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two hours at 30° C. and the suspension plated onto BHIS-
Kanl15 agar. The function of the sacB gene was then tested
by transferring the clones to BHI-Kan25 agar and to BHI-
Kan25 agar with 10% sucrose. In order to be selected for
successful excision in a second recombination event, cells
cultured on BHI-Kan25 were cultured for approx. S hin 5
ml, BHI medium, and 100 pl of the culture and a 1:10
dilution were plated onto BHI agar with 10% sucrose.
Clones were transferred to BHI-Kan25 agar and BHI agar
with 10% sucrose. A colony PCR of the sucrose-resistant
and kanamycin-sensitive clones (primer: Check APOS-
PO9i0lC_fw/Check APOS5-PO9i0lC_rev) with subsequent
DNA sequencing was performed in order to confirm suc-
cessful deletion.

APO5-P09i0l1C fw_fw:
TGCATGCCTGCAGGTCGACTGGTTGGCGTTTTTGAGGTC

APO5-P09i0lC_fw_rev:
TAAGTTTCGCTACTCATTCCCTAATGCAAGTGATAATCAGAT -
CAATAAAAGCCCTGGAT

APO5-P09i0lC_rev_fw:
GGAATGAGTAGCGAAACTTAGTGAAAAGGGCAGAGTTT -
GCAGGTCATAGTGCAACTTTGTTAACCC

APO5-P09i0lC rev_rev:
TTGTAAAACGACGGCCAGTGTCCAGCTCAGCAAGCAGG

Check APO5-P09iolC_fw:
GAGTTTTTCTGCGATGGCGGAACTT

Check APO5-P09iolC rev:
GGGGTCTTAAAAGTCTGATCGGTGG

Deletion of D-Xylose Dehydrogenase 10lG in C. glutami-
cum

C. glutamicum ATCC13032 AiolG were constructed
according to Niebisch and Bott (2001) (https://doi.org/
10.1007/5002030100262) with the vector pK19mobsacB via
double homologous recombination (Schafer et al., 1994)
(https://doi.org/10.1016/0378-1119(94)90324-7). To this
end, in a first step, two PCR products were generated
containing the 5' region of the i0lG gene (primer: i0lG front
fw/i0lG front rev) with the first three codons or the 3' region
(primer: 101G back fw/iolG back rev) with the last six codons
of'the 101G gene. 500 base pairs of the flanking regions were
amplified in each case for the subsequent homologous
recombination. In the second step, the DNA fragments were
fused together with the pk19mobsacB vector already cut via
restriction endonucleases xBal and EcoRI by means of
Gibson assembly (Gibson et al., 2009) (https://doi.org/
10.1038/NMETH.1318). The resulting plasmid
pK19mobsacB_AiolG was transformed into £. coli DH5a by
means of heat shock. As a result of the kanamycin resistance
gene present on the plasmid, only the clones that had taken
up the plasmid could grow. Said clones checked by means
of colony PCR and subsequent gel electrophoresis for the
presence of the cloned insert, and its DNA sequence was
determined. After isolation of the plasmid, a 150 uL aliquot
of electrocompetent C. glutamicum cells was thawed on ice,
mixed with 1-4.5 pug of plasmid, and transferred to a 0.2 cm
electroporation cuvette pre-cooled on ice. The mixture was
overlaid with 800 pL, 4° C. cold, 10% glycerol (v/v) and
electroporated in the electroporator (2500 V, 25 uF, 200 Q,
2 mm). After electroporation, the mixture was transferred to
4 ml of BHIS medium preheated to 46° C. and was
incubated for 6 min at 46° C. The cells were then incubated
at 170 rpm for two hours at 30° C. and the suspension plated
onto BHIS-Kan15 agar. The function of the sacB gene was
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then tested by transferring the clones to BHI-Kan25 agar and
to BHI-Kan25 agar with 10% sucrose. In order to be selected
for successful excision in a second recombination event,
cells cultured on BHI-Kan25 were cultured for approx. 5 h
in 5 mIL BHI medium, and 100 pl of the culture and a 1:10
dilution were plated onto BHI agar with 10% sucrose.
Clones were transferred to BHI-Kan25 agar and BHI agar
with 10% sucrose. A colony PCR of the sucrose-resistant
and kanamycin-sensitive clones (primer: check iolG
fw/check 10lG rev) with subsequent gel electrophoresis was
performed in order to confirm successful deletion.

Primers:
i0lG front fw:
TGCATGCCTGCAGGTCGACTGAAGAGTTCGGCATGAAGC

i0lG front rev:
TACTCCCGGGCATATGGCGAAGGCTCTTGCTCAT

101G back fw:
GAGCCTTCGCCATATGCCCGGGAGTACTGGATCCGTTGATGCGGCAC -
CTCGC

101G back rev:
TTGTAAAACGACGGCCAGTGATGACTCGCCATGCTTCAATACC

check iolG fw:
CGACGTTGCTGGTCTTGCTTCCAAG

check iolG rev:
GGTTAGTGATGTAGCGCAGGCCGTG

Chromosomal Integration of D-Xylose Dehydrogenase lolG
in C. glutamicum

The various C. glutamicum integration mutants C. gluta-
micum ATCC13032 i0lG', C glutamicum ATCC13032
i0lG?, C. glutamicum ATCC13032 i0lG® were constructed
according to Niebisch and Bott (2001) (https://doi.org/
10.1007/5002030100262) with vectors in each case based on
pK19mobsacB via double homologous recombination
(Schafer et al., 1994) (https://doi.org/10.1016/0378-1119
(94)90324-7). To this end, in a first step, PCR products
containing the flanking regions of the various integration
loci, the constitutional promoter Tuf, and the gene i0lG were
generated (primer: NCS_PTuf fw/NCS_PTuf_rev/NCS_P-
tuf_iolG_fw/NCS_Ptuf_iolG_rev/Cgl.P4_fw_fw/
CglP4_fw_rev/Cgl.P4_PTuf fw/Cgl.P4_PTuf rev/
CglP4_iolG_fw/Cgl.P4_iolG_rev/Cgl.P4_rev_fw/
CglP4_rev_rev/iCgl.P12_fw_fw/Cgl.P12_fw_rev/
CglP12_PTuf_fw/Cgl.P12_PTuf rev/Cgl.P12_iolG_fw/
Cgl.P12_i0lG_rev/Cgl.P12_rev_fw/Cgl.P12_rev_rev). In
the second step, the DNA fragments were fused together
with the pkl19mobsacB vectors already cut via restriction
endonucleases xBal and EcoRI by means of Gibson assem-
bly in each case (Gibson et al., 2009) (https://doi.org/
10.1038/NMETH.1318). The resulting plasmids
pkl9mobsacB  ncr  cons  PgdolG,  pkl9mobsacB
CgLP4 P, i0lG, and pkl19mobsacB CgL.P12 P, iolG were
transformed into £. coli DHS5a by means of heat shock. As
a result of the kanamycin resistance gene present on the
deconstructed plasmids, only the clones that had taken up
the plasmid could grow. Said clones were checked by means
of colony PCR and subsequent gel electrophoresis for the
presence of the cloned insert, and its DNA sequence was
determined. After isolation of the plasmid, a 150 ulL aliquot
of electrocompetent C. glutamicum cells was thawed on ice,
mixed with 1-4.5 pug of the plasmid to be transformed in each
case, and transferred to a 0.2 cm electroporation cuvette
pre-cooled on ice. The mixture was overlaid with 800 ulL., 4°
C. cold, 10% glycerol (v/v) and electroporated in the elec-
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troporator (2500 V, 25 pF, 200 Q, 2 mm). After electropo-
ration, the mixture was transferred to 4 mL of BHIS medium
preheated to 46° C. and was incubated for 6 min at 46° C.
The cells were then incubated at 170 rpm for two hours at
30° C. and the suspension plated onto BHIS-Kan15 agar. In
each case, the function of the sacB gene was tested by
transferring the clones to BHI-Kan25 agar and to BHI-
Kan25 agar with 10% sucrose. In order to be selected for
successful excision in a second recombination event, cells
cultured on BHI-Kan25 were cultured for approx. S hin 5
ml, BHI medium, and 100 pl of the culture and a 1:10
dilution were plated onto BHI agar with 10% sucrose.
Clones were transferred to BHI-Kan25 agar and BHI agar
with 10% sucrose. A colony PCR of the sucrose-resistant
and kanamycin-sensitive clones (primer: NCS check
fw/NCS check rev/Cgl.P4_Check_fw/Cgl.P4_Check_rev/
Cgl.P12_Check_fw/Cgl.P12_Check_rev) with subsequent
DNA sequencing was performed in order to confirm the
successful integration in each case.

Primers:
NCS_PTuf fw:
TTTAAATTGTGTCCATGAGGCACAGGGTAGCTGGTAGTTTG

NCS_PTuf_ rev:
TCTTGCTCATACGCGTTCCTCCTGGACTTC

NCS_Ptuf_ iolG fw:
AGGAACGCGTATGAGCAAGAGCCTTCGC

NCS_Ptuf_ iolG_rev:
CGAAGCATATGCCCGGGAGTTTAAGCGTAGAAATCTGGGC

NCS check fw:
CGGAATGATCTTGACCCTTGTTGGTG

NCS check rev:
ATCAAGCAGATCTCTGAGCTGCTGGC

CgLP4_fw_fw:
TGCATGCCTGCAGGTCGACTCTTCTGGGTCGGCGATAC

CgLP4_fw_rev:
CTACCCTGTGCATCAAAAAATCCGCCGTTC

CgLP4_PTuf_ fw:
TTTTTTGATGCACAGGGTAGCTGGTAGTTTG

CgLP4_PTuf_ rev:
TCTTGCTCATACGCGTTCCTCCTGGACTTC

CgLP4_iolG fw:
AGGAACGCGTATGAGCAAGAGCCTTCGC

CgLP4_1i0lG rev:
CTCACTTAGTTTAAGCGTAGAAATCTGGGC

CgLP4_rev_fw:
CTACGCTTAAACTAAGTGAGTTTGGATG

CgLP4_rev_rev:
TTGTAAAACGACGGCCAGTGTAGTACGCGGATAAATGATC

CgLP4_Check_ fw:
TGCAGGTCACTGTGGAAAATCG

CgLP4_Check_rev:
AATCAGCATCACCCATCCCTTCAC

CgLP12_ fw_fw:
TGCATGCCTGCAGGTCGACTCGTTGAAGACTCCGTCAAAC

CgLP1l2_fw_rev:
CTACCCTGTGATATGCCGATTGCAAGAAAC
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-continued

CgLP12_PTuf fw:
ATCGGCATATCACAGGGTAGCTGGTAGTTTG

CgLP12_PTuf_ rev:
TCTTGCTCATACGCGTTCCTCCTGGACTTC

CgLP12_iolG_ fw:
AGGAACGCGTATGAGCAAGAGCCTTCGC

CgLP12_1i0lG rev:
ATTTTTTGACTGATTAAGCGTAGAAATCTGGGC

CgLP1l2_rev_fw:
CTACGCTTAATCAGTCAAAAAATGTTGAAATCAG

CgLPl2_rev_rev:
TTGTAAAACGACGGCCAGTGTTGGCGCTTCTTTGAAGAG

CgLP12_Check Fw:
CTCAAGGTCATCCGTGAAATGTGGC

CgLP12_Check Rev:
TTGGCTTTCCATGCTTTGAGGACT

Plasmid-Based Expression of D-Xylose Dehydrogenase
IolG in C. glutamicum

In the first step to isolate genomic DNA, C. glutamicum
cells were disrupted by suspension in 50 pl. of 2% DMSO
and subsequent incubation for 5 minutes at 95° C. Cell
debris was centrifuged for 1 min at 11,000 rpm and 3 puL of
supernatant was used as a template for the amplification of
101G (primer: p3_iolG_fw/p3_iolG_rev). This amplificate
was fused together with the pEKEx3 vector already cut via
restriction endonucleases pstl and EcoRI in the Gibson
assembly (Gibson et al., 2009) (https://doi.org/10.1038/
NMETH.1318). The resulting plasmid pEKEx3 i0lG was
transformed into £. coli DHS5a by means of heat shock. As
a result of the spectinomycin resistance gene mediated by
the plasmid, only the clones that had taken up the plasmid
could grow. Said clones checked by means of colony PCR
and subsequent gel electrophoresis for the presence of the
cloned insert, and its DNA sequence was determined. After
isolation of the plasmid, a 150 uL aliquot of electrocompe-
tent C. glutamicum cells was thawed on ice, mixed with
1-4.5 pg of plasmid, and transferred to a 0.2 cm electropo-
ration cuvette pre-cooled on ice. The mixture was overlaid
with 800 ul, 4° C. cold, 10% glycerol (v/v) and electropo-
rated in the electroporator (2500 V, 25 uF, 200 Q, 2 mm).
After electroporation, the mixture was transterred to 4 mL of
BHIS medium preheated to 46° C. and was incubated for 6
min at 46° C. The cells were then incubated at 170 rpm for
two hours at 30° C. The suspension was plated onto BHI-
Spc100 agar.

Primers:

p3_1i0lG_ fw:
GCCAAGCTTGCATGCCTGCAGCTAGTATAAGGAGATATAGATAT -
GAGCAAGAGCCTTCGC

p3_1i0lG_rev:
CTGTAAAACGACGGCCAGTGTTAAGCGTAGAAATCTGGGC

Medium and Cultivation Conditions

Complex brain heart infusion medium (BD DIFCO™
BRAIN HEART INFUSION AGAR (BHI), a general pur-
pose medium that can be used for aerobic bacteriology,
DIFCO™ L aboratories, Detroit, USA) and defined CGXII
medium was used to culture C. glutamicum strains. The
CGXII medium contained the following composition per
liter of deionized water: 1 g K,HPO,, 1 g KH,PO,, 5 g urea,
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13.25 mg CaCl,-2 H,0, 0.25 g MgSO, 7H,0, 10 mg FeSO,,
7H,0, 10 mg MnSO,-H,O, 0.02 mg NiCl, 6H,0, 0.313 mg
CuSO,5 H,0, 1 mg ZnSO, 7H,0, 0.2 mg biotin, 3,4-
dihydroxybenzoate, 0.02% (v v') antifoam AF204. Spec-
tinomycin and isopropyl p-D-thiogalactosides (IPTG) were
added to final concentrations of 100 ug mL ™" or 1 mmol L™*
for the cultivation of strains with the expression vector
pEKEx3. All chemicals were purchased from SIGMA
ALDRICH™ (Steinheim, Germany). First, precultures were
inoculated onto BHI medium in test tubes from single
colonies and incubated for 8 h at 30° C. on a rotary shaker
at 170 rpm. From this culture, a second preculture was then
inoculated in 500 mL shake flasks with 50 mL of defined
CGXII medium and 10 gL.=* D-glucose and 30 gL' D-xy-
lose as the carbon and energy source and incubated for 15 h
at 30° C. on a rotary shaker at 130 rpm. The main culture
was then inoculated onto a ODg,, of 1 in 50 mL of defined
CGXII medium with 10 gL ! D-glucose and 30 gL~ D-xy-
lose as the carbon and energy source and incubated for 56 h
at 30° C. on a rotary shaker at 130 rpm. Samples were taken
from the main culture to measure the concentrations of
biomass, D-xylose, and D-xylonate.
Preparation of Bagasse Hydrolysate

Defined CGXII medium and pretreated bagasse hydro-
lyzate were used to produce D-xylonate by means of batch
and fed batch processes. The pretreatment of ground bagasse
(0.25-1 cm) was carried out by incubation in 0.1 mol L™!
H,S0, at 121° C. The subsequent hydrolysis was carried out
in a parallel bioreactor system (EPPENDORF™/DAS-
GIP™, Julich, Germany) with a working volume of 600 mL
and a solution consisting of 180 g of pretreated bagasse, 50
mM C,H3NaO, and 10.4 mL of CELLIC® CTeC2 enzyme
mix, an enzyme blend composed of cellulases, [-glucosi-
dase, and a hemicellulase (NOVOZYMES™, Bagsvserd,
Denmark). The pH was adjusted to pH 5 by means of KOH
and the hydrolysis was carried out at 50° C. for 72 h at
constant stirrer speed (400 rpm). 8 gNH,Cland 2 g K,HPO,
were then dissolved in 200 mL deionized water and added
to the hydrolyzate. The medium was then adjusted for
culturing purposes to pH 7 by 5 M NH,OH. Some media
components (D-glucose, D-xylose, PCA, trace elements,
AF204) were added sterilely after autoclaving. In the case of
the fed batch process, a solution of 100 g of L™* D-glucose
in deionized water was used.

During cultivation, the pH was regulated bilaterally to pH
7 by feeding in 5 M H;PO4 and 5 M NH,OH, respectively.
The temperature and aeration rate were fixed at 30° C. and
0.5 vvm, respectively. Aerobic process conditions (>30%
dissolved oxygen concentration) were assured by control-
ling the stirrer speed (400-1,200 rpm). Measurements were
made online for pH (405 DPAS SC K80/225, a pressurized
gel-filled pH electrode, METTLER TOLEDO™) DO (VISI-
FERM™ DO 225, a sensor for the measurement of dis-
solved oxygen, HAMILTON). and exhaust gas composition
(DASGIP® GA4, an exhaust analsyer, EPPENDORF™
AQG). A preculture growing exponentially on CGXII medium
(20 gL' D-glucose) was inoculated onto a final OD of 2.
Samples were taken from the main culture to measure the
concentrations of biomass, D-xylose, and D-xylonate.

Towards the end of the fermentation, D-xylonate can be
isolated from the cultivation solution according to known
protocols and/or prepared, i.e., separated, purified, and/or
concentrated. For product purification, an existing protocol
(Liu et al., Bioresource Technology, 2012, 115: 244-248)
was used as follows: 1. Cell separation by means of cen-
trifugation (4500 rpm for 10 min at 4° C.); 2. Decolorization
of the resulting supernatant in activated carbon (AC); 3.
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Filtration of AC-treated supernatant (0.22 um) and concen-
tration by means of rotary evaporator (100 mbar, 60° C.
water bath); 4. Filtration of the concentrate (0.22 um) and
precipitation of D-xylonate by addition of EtOH (3:1, v/v);
vacuum drying of the product for at least 12 h at -10° C.

The biomass was determined gravimetrically by transfer-
ring 2 mL of culture supernatant to a weighed test tube,
centrifuging at 13,000 rpm for 10 min and resuspending in
0.9% (w v~1) NaCl. After a further centrifugation step, the
supernatant was removed by means of decanting. The cell
pellet was dried at 80° C. for 24 h, followed by gravimetric
cell dry weight determination. For substrate and product
quantification, the supernatants were filtered by means of a
cellulose acetate syringe filter (0.2 um, DIA-NIELSEN,
Duren, Germany). D-glucose and D-xylonate were sepa-
rated by an isocratic exchange process in HPLC (AGILENT
1100 INFINITY, a high performance liquid chromatography
instrument, AGILENT TECHNOLOGIES™, Santa Clara,
CA). The process uses an organic resin HPL.C column 300x8
mm (DIA-NIELSEN, Duren, Germany) as a stationary
phase, 0.1 M H,SO,, with a flow rate of 0.6 mL min™" in the
form of a mobile phase, a column temperature of 80° C., and
an injection volume of 10 pl.. D glucose was detected by
means of refractive index detector at 35° C. D-xylonate was
detected by means of UV light absorption at 215 nm with a
diode array detector. Corresponding concentration values
were determined by means of external standards and
weighted linear regression. An enzymatic assay (Xylose
Assay Kit, MEGAZYME™, Wickow, Ireland) was used for
the quantification of D-xylose. All pipetting steps were
performed using an automated liquid handling system
(FREEDOM EVO™ 200, TECAN™ Group Ltd., Ménne-
dorf, Switzerland). The increase in NADH was measured at
340 nm by plate reader (INFINITE™ M200, TECAN™
Group Ltd., Ménnedorf, Switzerland).

Isolation of the D-Xylose Dehydrogenase lolG According to
an Embodiment of the Invention

Plasmid pET-28b-i0lG was transformed into Escherichia
coli BL21 for heterologous gene expression of 101G and then
cultured in 2x50 mL of TerrificBroth (TB) medium with 50
mg/L. kanamycin for 16 hours at 30° C. and 250 rpm. 10 mL,
each of these cultures was used to inoculate four bioreactor
cultures with 20 g/L. glycerol as initial carbon source and 50
mg/L. kanamycin to maintain selection pressure. The biore-
actor cultures were heated to 30° C. and the pH was titrated
to pH 7 with ammonia water. Approximately 5 h after
cultivation start, gene expression was induced by the addi-
tion of 250 uM isopropyl-f-D-thiogalactopyranoside
(IPTG), and again after approx. 32 h. After complete
metabolization of the initial glycerol amount, a concentrated
substrate solution with 700 g/I. glycerol and 20 g/L.
MgSO,*7H,0 was metered in automatically at a rate of 20
ml/h, based on a 2-point controller (on: DO>30%, off:
DO<10%). After approx. 10 hours of feed phase, the cultures
were harvested and the cells were separated from the culture
medium by centrifugation (8000 rpm) for 20 minutes. The
cell mass was stored at —-20° C.

Approx. 60 g cell mass was resuspended in 150 ml
equilibration buffer (50 mMTris-HCl, 2 mM MgSO,, 300
mM NaCl, pH 7.0) on ice for 30 min. The cell suspension
was solubilized in a rotary cooling cell using an ultrasound
probe (ultrasound processor UP 200S Dr. Hielscher S14D
sonotrode, cycle 0.5 amplitude 70) for 30 min. After cen-
trifugation (23000 rpm, 4° C., 35 min), the solubilized
supernatant was given up via an Ni-NTA column (column
volume 70 mL, flow 6 mL./min) (washing buffer: 50 mMTris
pH 7.5, 300 mM NaCl, 2 mM MgSO, 25 mM imidazole;
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elution buffer: 50 MMTris pH 8.0, 300 mM NaCl, 2 mM
MgSO,, 250 mM imidazole). The eluate was collected in
fractions of 60 ml in total and desalinated through a SEP-
HADEX™ (325, a gel filtration resin for desalting and buffer
exchange, column, (column volume 960 ml, flow 10
ml./min, desalination buffer: 10 mMTris pH 7.6, 2 mM
MgS0O,), of which a total of 150 mL were collected as
protein-containing fractions and lyophilized. The resulting
lyophilizate had a protein content of 60% according to
Bradford protein determination.

Determination of D-Xylose Dehydrogenase Activity

The enzyme tests for the activity determination of IolG
lyophilizate were carried out in a total volume of 200 pL.
The enzymatic reactions were carried out by rapid addition
of 180 ul. of reaction mix (250 mM Tris-HCl, 22 mM
NAD*, 5 mM MgCI?, and 125 pL/mL IolG lyophilizate
solution at 2.5 mg/IL, pH7.5, >30 min preheated to 30° C.)
to 20 plL of presented substrate solution (0-250 mM [0-25
mM final per reaction volume| of D-xylose or myo-inositol).
Extinction growth was measured at 340 nm in the microtiter
plate reader (preheated for >30 min to 30° C.) for approx. 20
min. After a brief transient response of all measurement
signals, the initial reaction rates were determined by means
of linear regression over a period of 2 min. The resulting
increases in the unit [absorption units per minute] were
determined in the NADH formation rate in the unit [mM
NADH per minute] by calibration of the absorption signal
via standard solutions with known NADH concentration
instead of substrate solutions, using Gaussian error propa-
gation taking into account the calibration parameter cova-
riance matrix. The enzyme shows no activity with respect to
the myo-inositol substrate.

In order to determine the maximum enzyme activity
(Vmax) and the specific substrate affinity (Km) with respect
to D-xylose, the experimental data were fitted to Michaelis
Menten kinetics by means of non-linear regression. The
enzyme kinetic parameters from the experiments were deter-
mined to be Vmax=18.8+3.3 U/L and Km=28.0+7.1.
D-Xylonate Formation in the Homologous Host System of
Coryneform Bacteria by Enhanced Expression of the D-Xy-
lose Dehydrogenase According to Certain Embodiments of
the Invention

Experiments on growth, D-xylose uptake, and D-xylonate
formation of different variants of coryneform bacterial
strains compared to wild type were carried out in shake
flasks in defined CGXII medium with 10 gL.™! D-glucose
and 30 gL~ D-xylose. The following examples clearly show
that the D-xylose dehydrogenase activity according to cer-
tain embodiments of the invention is responsible for D-xy-
lonate formation in coryneform bacteria FIGS. 14 and 15.

As shown in FIG. 14, all strains show comparable growth
on D-glucose as a carbon and energy source. The wild-type
strain C. glutamicum ATCC13032 has a very low uptake of
D-xylose and conversion to D-xylonate. The maximum
D-xylonate titer after 72 h is 40.0 mM here. The strain C.
glutamicum WT AiolR with deletion of the gene for the
regulator IolR shows a markedly increased D-xylose uptake
and D-xylonate production due to the deregulated expres-
sion of the D-xylose transporter 1olT1 and the D-xylose
dehydrogenase 10lG. The maximum D-xylonate titer after
72 his 214.7 mM here. The strain C. glutamicum W'T AiolR
AiolG, with additional deletion of the gene for the D-xylose
dehydrogenase 10lG according to certain embodiments of
the invention, shows a greatly reduced D-xylose uptake and
D-xylonate formation due to the lack of expression of the
D-xylose dehydrogenase IolG. The maximum D-xylonate
titer after 72 h is 111.9 mM here. The strain C. glutamicum
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WT AiolR AiolGpEKEx3-i0lG, with additional plasmid-
based expression of the gene for the D-xylose dehydroge-
nase lolG according to certain embodiments of the inven-
tion, shows the highest D-xylonate production due to the
high homologous expression of the D-xylose dehydrogenase
IolG, which overcompensates the non-expression (AiolG).
The maximum D-xylonate titer after 72 h is 223.6 mM here.

FIG. 15 shows the D-xylonate formation of further vari-
ants of coryneform bacterial strains according to certain
embodiments of the invention, in which the functionality of
operatively linked regulatory regions of the nucleic acid
sequence encoding the D-xylose dehydrogenase according
to certain embodiments of the invention is changed. The
experiments were carried out in shake flasks in defined
CGXII medium with 10 gL' D-glucose and 30 gL~ D-xy-
lose.

The wild-type strain C. glutamicum ATC13032 has a very
low uptake of D-xylose and conversion to D-xylonate. The
maximum D-xylonate titer after 72 h is 40.0 mM here. The
strain C. glutamicum W'T PosiolT1 with modified promoter
sequence in the gene region of the D-xylose transporter
101T1 shows slightly increased D-xylose uptake and D-xy-
lonate production due to the deregulated expression of the
D-xylose transporter 1olT1. The maximum D-xylonate titer
after 72 h is 80.0 mM here.

The strain C. glutamicum WTpEKEx3-10lG with plasmid-
based expression of the gene for D-xylose dehydrogenase
shows significantly increased D-xylonate production due to
the homologous expression of D-xylose dehydrogenase
IolG. The maximum D-xylonate titer after 72 h is 213.9 mM
here. The strain C. glutamicum WT PosiolT1pEKEc3-10lG,
with additional modified promoter sequence in the gene
region of the D-xylose transporter i01T1, shows the highest
D-xylonate production due to the simultaneous homologous
expression of the D-xylose dehydrogenase IolG and the
deregulated expression of the D-xylose transporter iolT1.
The maximum D-xylonate titer after 72 h is 217.4 mM here.

FIG. 16 shows the D-xylonate formation of further vari-
ants of coryneform bacterial strains according to certain
embodiments of the invention in which the functionality of
operatively linked regulatory regions is modified or deleted.
It shows the strain C. glutamicum W'T PosiolT1 with modi-
fied promoter sequence in the gene region of the D-xylose
transporter iolT1, the strain C. glutamicum PosiolT1
Pgs_0s101C according to certain embodiments of the inven-
tion, in which, in addition to PosiolT1, the functionality of
the operatively linked regulatory region of the nucleic acid
sequence encoding the D-xylose dehydrogenase (P5_os101C)
is modified and, in comparison, the strain C. glutamicum
WT AiolR, with deletion of the gene for the regulator iolR.
The experiments were carried out in shake flasks in defined
CGXII medium with 10 gL.=! D-glucose and 30 gL.=! D-xy-
lose. The strain WT C. glutamicum PosiolT1 with modified
promoter sequence in the gene region of the D-xylose
transporter 1o1T1 shows slightly increased D-xylonate pro-
duction due to the deregulated expression of the D-xylose
transporter lolT1. The maximum D-xylonate titer after 72 h
is 74.73 mM here. The strain C. glutamicum W'T AiolR with
deletion of the gene for the regulator IolR shows a markedly
increased D-xylonate production due to the deregulated
expression of the D-xylose transporter lolT1 and the D-xy-
lose dehydrogenase IolG. The maximum D-xylonate titer
after 72 h is 205.53 mM here. The strain C. glutamicum
Psi0lT1 Pys 5101C, with modified promoter sequence in
the gene region of the D-xylose transporter iolT1 and
modified functionality of the operatively linked regulatory
region of the nucleic acid sequence encoding the D-xylose
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dehydrogenase (Py5_o,101C), shows a significantly increased
D-xylonate production. The maximum D-xylonate titer after
72 h is 206.82 mM here.

Embodiments of the present invention thus clearly show

that a markedly increased D-xylonate production is achieved 5

by minimal and extremely defined nucleotide substitutions
according to the invention in the 5' upstream regulatory
regions of the relevant encoding gene sequences: And this
without having to introduce genes or structures into the
corynform bacterial strain, and also without the need for
drastic deletions to be made on centrally acting regulators,
which trigger widely undefined physiological effects in an
organism, which is also desirable according to certain
embodiments of the invention. The few targeted nucleotide
substitutions according to certain embodiments of the inven-
tion are present in this case to an extent that they are also
naturally found in nature, which distinguishes the coryne-
form bacterial strain according to certain embodiments of
the invention as non-GMO.

The subject matter of the present invention also includes

the following exemplary embodiments:

1. Coryneform bacterial cell, characterized in that the
enhanced expression of the D-xylose dehydrogenase is
based on modifications selected from the group com-
prising:

a) modifying the regulation or signal structures for gene
expression,

b) modifying the transcription activity of the encoding
nucleic acid sequence,

¢) increasing the gene copy number of the encoding
nucleic acid sequence, and

d) a combination of a)-c).

2. Coryneform bacterial cell according to subject matter 1,
characterized in that the increased activity of the D-xy-
lose dehydrogenase activity is based on modifications
selected from the group comprising:

a) increasing the expression of the encoding nucleic
acid sequence,

b) expressing a nucleic acid sequence or fragments or
alleles thereof which encodes a D-xylose dehydro-
genase with increased catalytic activity and/or sub-
strate specificity,

¢) increasing the stability of the mRNA derived from
the encoding nucleic acid sequence,

d) modifying the catalytic activity and/or substrate
specificity of a homologous D-xylose dehydrogenase
for the conversion of D-xylose, and

e) a combination of a)-d).

3. Coryneform bacterial cell according to any one of
subject matters 1 or 2,

a) wherein the activity of a D-xylose dehydrogenase
according to the invention is increased,

b) wherein a nucleic acid sequence according to the
invention is enhancedly expressed,

¢) wherein a nucleic acid sequence encoding a myo-
inositol/proton symporter (IolT1) according to SEQ
ID NO. 3 or fragments or alleles thereof is
enhancedly expressed,

d) wherein the activity of a myo-inositol/proton sym-
porter 1olT1 having an amino acid sequence accord-
ing to SEQ ID NO. 4 or fragments thereof is
increased,
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e) having a nucleic acid sequence encoding a myo-
inositol/proton symporter (IolT1) with one or more
nucleotide substitutions or nucleotide deletions in
the operatively linked IolR binding sites of the iolT1
gene, preferably selected from the group of nucleic
acid sequences SEQ ID NO. 9 and SEQ ID NO. 10
or fragments or alleles thereof,

f) wherein a nucleic acid sequence encoding a myo-
inositol/proton symporter (IolT2) according to SEQ
ID NO. 5 or fragments or alleles thereof is
enhancedly expressed,

g) wherein the activity of a myo-inositol/proton sym-
porter lolT2 having an amino acid sequence accord-
ing to SEQ ID NO. 6 or fragments thereof is
increased,

h) wherein both nucleic acid sequences encoding myo-
inositol/proton symporters 1olT1/2 are enhancedly
expressed according to ¢) and f),

1) wherein the activity of both myo-inositol/proton
symporters 101T1/2 is increased according to d) and
2

j) having a nucleic acid sequence according to the
invention, wherein the functionality of one or more
operatively linked IolR binding sites in the regula-
tory, non-coding region of the iolC gene cluster,
containing i0lG encoding a D-xylose dehydrogenase
according to the invention, is reduced or turned off,
or one or more IolR binding sites are partially or
completely deleted,

k) having a nucleic acid sequence encoding a D-xylose
dehydrogenase with one or more nucleotide substi-
tutions or nucleotide deletions in the operatively
linked IolR binding sites of the i0lC gene cluster,
preferably selected from the group containing
nucleic acid sequences according to SEQ ID NO. 7,
SEQ ID NO. 8, SEQ ID NO. 63, and SEQ ID NO.
64 or fragments or alleles thereof,

1) a nucleic acid sequence encoding a myo-inositol
regulator IolR or fragments or alleles thereof is
completely or partially deleted,

m) the expression of an iolR gene is reduced or is
absent,

n) the activity of a myo-inositol regulator IolR is
reduced or is completely turned off, or

0) a combination of a)-n).

. Process for preparing D-xylonate, preferably with

coryneform bacteria, according to any one of subject
matters 1 to 3, comprising the steps of:

a) providing a solution containing water and a C5
carbon source,

b) microbial reaction of the C5 carbon source in a
solution according to step a) to form D-xylonate in
the presence of a coryneform bacterial cell in which
the expression of a nucleic acid sequence encoding a
homologous D-xylose dehydrogenase is enhanced
and/or in which the activity of a homologous D-xy-
lose dehydrogenase is increased, and

¢) optional isolation and/or preparation of D-xylonate
from the solution.
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TABLE 1
Reference

Strain
C. glutamicum ATCC13032 wild type Abe et al.,

C. glutamicum ATCC13032 Py i0lT1

1967 (https://doi.org/10.2323/jgam.13.279)

Briisseler et al.,

2018(https://doi.org/10.1016/j.biortech.2017.10.098)

C. glutamicum ATCC13032 Ppyg iolT1 Py 3 herein

iolC

C. glutamicum ATCC13032 Pyg i0lT1 Pps oo herein

iolC

C. glutamicum ATCC13032 AP iolT1 herein

C. glutamicum ATCC13032 APO13 iolC herein

C. glutamicum ATCC13032 AP s g i01C herein

C. glutamicum ATCC13032 AiolG herein

C. glutamicum ATCC13032 iolG* herein

C. glutamicum ATCC13032 iolG? herein

C. glutamicum ATCC13032 iolG? herein

C. glutamicum ATCC13032 pEKEX3 iolG herein

E.coli DH5a Thermo Fisher Scientific (Waltham, MA,
USA)

E.coli BL21(DE3) Merck (Darmstadt, Germany)

Plasmid

pEKEx3 Gande et al., 2007
(https://doi.org/10.1128/1B.00254-07)

pk19mobsacB Schifer et al., 1994
(https://doi.org/10.1016/0378-
1119(94)90324-7)

pET-28b Merck (Darmstadt, Germany)

pk19mobsacB P,giolT1

Briisseler et al., 2018

(https://doi.org/10.1016/j.biortech.2017.10.098)
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pk19mobsacB Py 3i0lC herein
pkl19mobsacB P s goi0lC herein
pkl19mobsacB A PgiolT1 herein
pk19mobsacB A Py ;iolC herein
pk19mobsacB A Pys_goiolC herein
pk19mobsacB A iolG herein
pkl19mobsacB CgLP12 Pz, olG herein
pkl19mobsacB CgLP4 Py, iolG herein
pk19mobsacB ncr cons Py, dolG herein
pEKEX3 iolG herein
TABLE 2 40 TABLE 2-continued
Sequence Description Source Sequence Description Source
SEQ ID NO. 1 Nucleic acid sequence of a herein SEQ ID NO. 7 Nucleic acid sequence herein
D-xylose dehydrogenase having one or more
gene (i0lG) from coryneform 45 nucleotide substitutions in
bacteria the operatively linked IoIR
SEQ ID NO. 2 Amino acid sequence of a D- herein binding sites of the iolC gene
xylose cluster containing the
dehydrogenase (IolG) from encoding region of the D-
coryneform bacteria 50 xylose dehydrogenase gene
SEQ ID NO. 3 Nucleic acid sequence of a Tkeda and Nakagawa, accordilng to certain
myo-inositol/proton 2003 (DOT 10.1007/ embodiments of the
symporter gene (iolT1) from  $00253-003-1328-1) invention from coryneform
L bacteria; (P 3i0lC with 5'
coryneform bacteria with 5' .
. regulatory region and
re@latowl region 55 substitution at position
SEQ ID NO. 4 Amino acid sequence of a Tkeda and Nakagawa, 383 (C->G) and 384 (A->G))
myo-inositol/proton 2003 (DOI 10.1007/ SEQ ID NO. 8 Nucleic acid sequence herein
symporter (IolT1) from S00253-003-1328-1) having one or more
coryneform bacteria nucleotide deletions in the
SEQ ID NO. 5 Nucleic acid sequence of a Tkeda and Nakagawa, operatively linked TolR
myo-inositol/proton 2003 (DOI 10.1007/ 60 binding sites of the iolC gene
symporter gene (iolT2) from  S00253-003-1328-1) cluster containing the
coryneform bacteria encoding region of the D-
SEQ ID NO. 6 Amino acid sequence of a Tkeda and Nakagawa, xylose dehydrogenase gene
myo-inositol/proton 2003 (DOI 10.1007/ according to certain
symporter (IolT2) from S00253-003-1328-1) 65 embodiments of the

coryneform bacteria

invention from coryneform
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TABLE 2-continued

39
TABLE 2-continued
Sequence Description Source
bacteria; (AP013iolC with 5'
regulatory region and 5
deletion at position 383 (C)
and 384 (A))
SEQ ID NO. 9 Nucleic acid sequence herein
having one or more
nucleotide substitutions in 10
the operatively linked IolR
binding sites of the iolT1
gene; (PO6iolT1 with 5'
regulatory region and
substitution at position
383 (C->G) and 384 (A->G)) 15
SEQ ID NO. 10 Nucleic acid sequence herein
having one or more
nucleotide deletions in the
operatively linked IolR
binding sites of the iolT1
gene; (APy4iolT1 with 5' 20
regulatory region and
deletion at position 383 (C)
and 384 (A))
SEQ ID NO. 11 Primer PromiolT1_fw_fw herein
SEQ ID NO. 12 Primer PromiolT1fw_rev herein
SEQ ID NO. 13 Primer Pioltl_rev_fw herein 25
SEQ ID NO. 14  Primer Pioltl_rev_rev herein
SEQ ID NO. 15 Primer checkPromiolT1fw herein
SEQ ID NO. 16  Primer checkPromiolT1rev herein
SEQ ID NO. 17  Primer PO13 iolC fw herein
SEQ ID NO. 18  Primer PO13 iolC rev herein
SEQ ID NO. 19 Primer PO13 iolC rev_fw herein 30
SEQ ID NO. 20  Primer PO13 iolC rev_rev herein
SEQ ID NO. 21  Primer Check Prom iolC fw  herein
SEQ ID NO. 22 Primer Check Prom iolC_rev herein
SEQ ID NO. 23 Primer DPO6iolT1_Fw_fw herein
SEQ ID NO. 24  Primer DPOG6iolT1_Fw_rev herein
SEQ ID NO. 25  Primer DPO6iolT1_rev_fw herein 35
SEQ ID NO. 26  Primer DPOG6iolT1_rev_rev herein
SEQ ID NO. 27  Primer DPO13iolC_fw_fw herein
SEQ ID NO. 28  Primer DPO13iolC_fw_rev herein
SEQ ID NO. 29  Primer DPO13iolC_rev_fw herein
SEQ ID NO. 30  Primer DPO13iolC_rev_rev herein
SEQ ID NO. 31  Primer iolG front fw herein 40
SEQ ID NO. 32 Primer iolG front rev herein
SEQ ID NO. 33 Primer iolG back fw herein
SEQ ID NO. 34  Primer iolG back rev herein
SEQ ID NO. 35  Primer check iolG fw herein
SEQ ID NO. 36  Primer check iolG rev herein
SEQ ID NO. 37  Primer NCS_PTuf fw herein 45
SEQ ID NO. 38  Primer NCS_PTuf rev herein
SEQ ID NO. 39 Primer NCS_Ptuf iolG_fw herein
SEQ ID NO. 40  Primer NCS_Ptuf_iolG_rev herein
SEQ ID NO. 41  Primer NCS check fw herein
SEQ ID NO. 42 Primer NCS check rev herein 50
SEQ ID NO. 43 Primer CgLP4_fw_fw herein
SEQ ID NO. 44  Primer CgLP4_fw_rev herein
SEQ ID NO. 45 Primer CgLP4_PTuf fw herein
SEQ ID NO. 46  Primer CgLP4_PTuf rev herein
SEQ ID NO. 47  Primer CgLP4_iolG_fw herein
SEQ ID NO. 48  Primer CgLP4_iolG_rev herein 55
SEQ ID NO. 49 Primer CgLP4_rev_fw herein
SEQ ID NO. 50  Primer CgLP4_rev_rev herein
SEQ ID NO. 51  Primer CgLP4_Check fw herein
SEQ ID NO. 52 Primer CgLP4_Check rev herein
SEQ ID NO. 53 Primer CgLP12_fw_fw herein 60
SEQ ID NO. 54  Primer CgLP12_fw_rev herein
SEQ ID NO. 55  Primer CgLP12_PTuf fw herein
SEQ ID NO. 56  Primer CgLP12_PTuf rev herein
SEQ ID NO. 57  Primer CgLP12_iolG_fw herein
SEQ ID NO. 58  Primer CgLP12_iolG_rev herein
SEQ ID NO. 59  Primer Cgl.P12 rev_fw herein 65
SEQ ID NO. 60  Primer CgLP12_rev_rev herein

Sequence Description Source

SEQ ID NO. 61  Primer CgLP12_Check_Fw herein
SEQ ID NO. 62  Primer CgLP12_Check Rev  herein
SEQ ID NO. 63  Nucleic acid sequence herein

having one or more

nucleotide substitutions in

the operatively linked IolR

binding sites of the iolC gene

cluster containing the

encoding region of the D-

xylose dehydrogenase gene

according to certain

embodiments of the

invention from coryneform

bacteria; (P10l TIAP 5 o9i0lC

with 5' regulatory

region and substitution at

position 143 (A->G),

144 (C->G), 211 (A->G),

and 212 (C->G))
SEQ ID NO. 64 Nucleic acid sequence herein

having one or more

nucleotide deletions in the

operatively linked IolR

binding sites of the iolC gene

cluster containing the

encoding region of the D-

xylose dehydrogenase gene

according to certain

embodiments of the

invention from coryneform

bacteria; (Ppgiol T1APy5_goiolC

with 5' regulatory

region and deletion at

position 143 (A), 144 (O),

211 (A), and 212(C))

SEQ ID NO. 65  Primer CgPO5-PO9 herein
iolC_fw_fw

SEQ ID NO. 66  Primer CgPO5-PO9 herein
iolC_fw_rev

SEQ ID NO. 67  Primer Cg PO35- herein
PO9iolC_rev_fw

SEQ ID NO. 68  Primer Cg PO35- herein
PO9iolC_rev_rev

SEQ ID NO. 69  Primer Cg PO35- herein
PO9iolC_check fw

SEQ ID NO. 70 Primer Cg PO3- herein
PO9iolC_check_rev

SEQ ID NO. 71  Primer Cg APOS5- herein
PO9iolC_fw_fw

SEQ ID NO. 72 Primer Cg APOS5- herein
PO9iolC_fw_rev

SEQ ID NO. 73 Primer Cg APOS5- herein
PO9iolC_rev_fw

SEQ ID NO. 74  Primer Cg APOS5- herein
PO9iolC_rev_rev

SEQ ID NO. 75  Primer Cg Check APO5- herein
PO9iol_fw

SEQ ID NO. 76  Primer Cg Check APO5- herein

PO9iolC_rev

While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration and description are to be considered illustrative or
exemplary and not restrictive. It will be understood that
changes and modifications may be made by those of ordi-
nary skill within the scope of the following claims. In
particular, the present invention covers further embodiments
with any combination of features from different embodi-
ments described above and below. Additionally, statements
made herein characterizing the invention refer to an embodi-
ment of the invention and not necessarily all embodiments.

The terms used in the claims should be construed to have
the broadest reasonable interpretation consistent with the
foregoing description. For example, the use of the article “a”
or “the” in introducing an element should not be interpreted
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as being exclusive of a plurality of elements. Likewise, the
recitation of “or” should be interpreted as being inclusive,
such that the recitation of “A or B” is not exclusive of “A and
B,” unless it is clear from the context or the foregoing
description that only one of A and B is intended. Further, the
recitation of “at least one of A, B and C” should be
interpreted as one or more of a group of elements consisting
of A, B and C, and should not be interpreted as requiring at

42

least one of each of the listed elements A, B and C,
regardless of whether A, B and C are related as categories or
otherwise. Moreover, the recitation of “A, B and/or C” or “at
least one of A, B or C” should be interpreted as including
any singular entity from the listed elements, e.g., A, any
subset from the listed elements, e.g., A and B, or the entire
list of elements A, B and C.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 76

<210> SEQ ID NO 1
<211> LENGTH: 1011
<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:

Corynebacterium glutamicum

101G CDS D-Xylose-Dehydrogenase
(1)..(1011)

<400> SEQUENCE: 1

atgagcaaga gecttegegt tggagttgte ggtgcaggag ccatgggtge tgaccacate 60
gatcgcatca acaaccgcac ctctggtgea cacatctetg ccattattga gececcgacgea 120
gcacgtgeeg ctgcagetge agaagacgeyg ccgggtgcac aggecttcac tcegecattgaa 180
gatgctatcg cagccgatge tgtcgacgca gtgctgateg cegtaccagg tcagttecat 240
gagccagtac ttgtcccage actagaagca ggecttecca tectgtgtga aaagecactg 300
accccagatt ctgaatecte actgegcate gtegagetgg agcagaagcet ggacaagcca 360
cacatccagg ttggtttcat gegecgette gaccctgagt acaacaactt gcegcaaattg 420
gtggaatccyg gcgaagetgg cgaactgete atgeteegeg gectgeacceg caacccaagt 480
gttggtgaga gctacaccca gtccatgetyg atcaccgact cegtegteca cgaattegat 540
gtcatcccat ggctegcagg ctcccgagtt gteteegttg aagtgaagta cccaaagace 600
tcectecactgyg cgcacteegg cctcaaggaa ccaatccetgg tgatcatgga getcgaaaac 660
ggcgtgettyg tcgacgtaga gatgaacgta aacattcaat teggatacca ggtagcaacce 720
gaagcggtet ttgaaaaggg acttgeccge atcggecage catccggaat gcagegetgg 780
cgegacggty aattcectgat caacgaacac accgatttca ccaccegttt cgctaccgece 840
tacgaccgece agatccagag ctgggtcgac gcagtccacg aaggcaccect ggtcegcagge 900
cctaacgeat gggatggtta cetggttgeca ctgtcatgeg aagetggtgt caaggcacte 960

gacggceggeg tcatcccagt tgatgeggea cctegeccag atttctacge t

<210> SEQ ID NO 2
<211> LENGTH: 337
<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:

Corynebacterium glutamicum

(1) ..(337)

<400> SEQUENCE: 2

IolG Protein D-Xylose-Dehydrogenase

1011

Met Ser Lys Ser Leu Arg Val Gly Val Val Gly Ala Gly Ala Met Gly

1 5 10

15

Ala Asp His Ile Asp Arg Ile Asn Asn Arg Thr Ser Gly Ala His Ile

20 25

Ser Ala Ile Ile Glu Pro Asp Ala Ala Arg Ala Ala Ala

35 40 45

Asp Ala Pro Gly Ala Gln Ala Phe Thr Arg Ile Glu Asp

30

Ala Ala Glu

Ala Ile Ala
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50

Ala Asp Ala
65

Glu Pro Val

Glu Lys Pro

Leu Glu Gln

115

Arg Phe Asp
130

Glu Ala Gly
145

Val Gly Glu

His Glu Phe

Val Glu Val

195

Lys Glu Pro
210

Asp Val Glu
225

Glu Ala Val

Met Gln Arg

Phe Thr Thr

275

Val Asp Ala
290

Asp Gly Tyr
305

Asp Gly Gly

Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

55

Val Asp Ala Val Leu

70

Leu Val Pro Ala Leu

85

Leu Thr Pro Asp Ser

100

Lys Leu Asp Lys Pro

120

Pro Glu Tyr Asn Asn

135

Glu Leu Leu Met Leu
150

Ser Tyr Thr Gln Ser

165

Asp Val Ile Pro Trp

180

Lys Tyr Pro Lys Thr

200

Ile Leu Val Ile Met

215

Met Asn Val Asn Ile
230

Phe Glu Lys Gly Leu

245

Trp Arg Asp Gly Glu

260

Arg Phe Ala Thr Ala

280

Val His Glu Gly Thr

295

Leu Val Ala Leu Ser
310

Val Ile Pro Val Asp

325

D NO 3
H: 2253
DNA

Ile

Glu

Glu

105

His

Leu

Arg

Met

Leu

185

Ser

Glu

Gln

Ala

Phe

265

Tyr

Leu

Cys

Ala

Ala

Ala

90

Ser

Ile

Arg

Gly

Leu

170

Ala

Ser

Leu

Phe

Arg

250

Leu

Asp

Val

Glu

Ala
330

Val

75

Gly

Ser

Gln

Lys

Leu

155

Ile

Gly

Leu

Glu

Gly

235

Ile

Ile

Arg

Ala

Ala

315

Pro

<213> ORGANISM: Corynebacterium glutamicum

<220> FEATU
<221> NAME/
<222> LOCAT

RE:

KEY: 1i0lT1-

Gen mit 5'

ION: (1)..(2253)

<400> SEQUENCE: 3

accttgattg

geccactteyg

ttgatgcaaa

cagcaaacac

geegectgac

cttaaacggg

atgacattag

atcatgtcga

cacccttegyg

aattcgtteg

ccaggtttca

ggcaatttgt

cgattatege

gatctttaag

ggaaagccgt

gttgctegty

actttatgge

cattcgeece

geccacttty

cccaccatte

cagtgaatga

60

Pro

Leu

Leu

Val

Leu

140

His

Thr

Ser

Ala

Asn

220

Tyr

Gly

Asn

Gln

Gly

300

Gly

Arg

Gly

Pro

Arg

Gly

125

Val

Arg

Asp

Arg

His

205

Gly

Gln

Gln

Glu

Ile

285

Pro

Val

Pro

Gln

Ile

Ile

110

Phe

Glu

Asn

Ser

Val

190

Ser

Val

Val

Pro

His

270

Gln

Asn

Lys

Asp

Phe His
80

Leu Cys
95

Val Glu

Met Arg

Ser Gly

Pro Ser
160

Val Val
175

Val Ser

Gly Leu

Leu Val

Ala Thr
240

Ser Gly
255

Thr Asp

Ser Trp

Ala Trp

Ala Leu

320

Phe Tyr
335

regulat Bereich und CDS

acggctttee

gtgcattcac

cagacctcac

accagtccca

acacaagtgg

ccgatgtecyg

ggtgacaatg

tctgggattyg

ccectgaace

gecetgtggtyg

aaatgatgac

tcgatcgacy

ctcctegeac

tcacctaaca

ttctacgaat

cgcctagggt

aaaaattgat

gttccagage

tctegagecy

getttttgta

aaggtgtcaa

60

120

180

240

300

360

420
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-continued
acagccccaa tcactaccce ctccacccee geacccttat ccagaaactce ccatgcetcca 480
acatttccag agggggcagt ttctgacatt aaccacataa ctectgcatc aaaccgcage 540
taacagccac acccctgetg aaaatcccga atggaaaacce atacccaagce agacaccccce 600
acccctaagt attaccaatt actcaaaagt attcaaaaaa agtttgttat gtacgattga 660
cgggcaatat cgtgtctgcce acgattaaag acattggtga tgtgaatcac tgcctactac 720
atcgtgttte gtgaccctge acctccaagt aagggcacga caaacttagyg agacaagatg 780
gctagtacct tcattcagge cgacagccct gaaaaaagta agaagctgcc cccactcaca 840
gaaggtcegt atagaaagcg gctattctac gttgcactag ttgcgacgtt tggtgggetg 900
ctetteggat atgacaccgg agtaatcaac ggtgcactca acccaatgac acgtgagcete 960
ggactaaccg cgttcaccga gggtgttgta acttcttcec tgetgtttgg tgcagcaget 1020
ggtgcgatgt ttttcecggtcg catttccgac aactggggtce geccggaaaac aatcatctca 1080
cttgcagtag ctttectttgt cggcaccatg atctgcgtgt ttgctccatce ttttgcagta 1140
atggttgtcg gacgtgtgcet tcettggacte gcagttggtg gecgcttccac tgttgtcect 1200
gtctacctgg ctgaacttge tccttttgaa atccgtgget cactggctgg ccgtaatgag 1260
ttgatgattg ttgttggtca gctcgcagct tttgtcatca atgcgattat tggaaatgtt 1320
tttggacacc acgatggtgt gtggcgctac atgctggcaa ttgccgcaat cccagcaatt 1380
gccctettet ttggaatgct ccgagttcca gaatccccac getggettgt tgagcgagga 1440
cgcattgatg aggctcgege agttcttgaa accattcgece ctctagaacg tgcccatgca 1500
gaagttgctg atgttgaaca cctagcaaga gaagagcacg ccgtttccga gaagtccatg 1560
ggcttaaggg aaattttgtc cagcaagtgg cttgtgcgca tectcecctggt aggtatcgga 1620
ttgggtgtcg cacagcagct gaccggcatc aactccatca tgtactacgg ccaggttgtt 1680
ctcattgagg ctggtttctc cgagaatgca gctctgatcg ccaacgtggce gcecaggagtg 1740
atcgcagttg tcggtgcatt catcgcactg tggatgatgg atcgtatcaa ccgccgtacce 1800
accctcatta ccggttatte tetcaccace attagccacg tattgatcgg tatcgcatcce 1860
gtagcattcc cagtcggcga tcctcecttege cecctacgtta tettgactcect ggttgtggte 1920
ttecgtgggat ccatgcagac cttcecctcaac gtagctacct gggttatget ctectgagetce 1980
ttccegetgg caatgcgegg tttegcaate ggtatctcag tgttcecttect ctggatcegcea 2040
aacgcgttce tcggattgtt cttcecccaacce atcatggaag cagtaggact aaccggaacc 2100
ttecttecatgt tcgccggaat cggtgtggtt gceccttgatcet tcatctacac ccaggttect 2160
gaaactcgtg gacgtacctt ggaggagatt gatgaggatg ttacttccgg tgtcatttte 2220
aacaaggaca tccgaaaagg aaaggtgcac taa 2253

<210> SEQ ID NO 4
<211> LENGTH: 491

<212> TYPE:
<213> ORGANISM:

PRT

<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

<400> SEQUENCE: 4

IolT1-
(1) .. (491)

Protein

Corynebacterium glutamicum

Met Ala Ser Thr Phe Ile Gln Ala Asp Ser Pro Glu Lys Ser Lys Lys

1

5

10

15

Leu Pro Pro Leu Thr Glu Gly Pro Tyr Arg Lys Arg Leu Phe Tyr Val

20

25

30
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Ala

Ala

65

Ala

Lys

Cys

Leu

Ala

145

Glu

Ile

Leu

Arg

Glu

225

Ala

Ser

Thr

Ala

305

Ile

Ser

Pro

Ser

385

Leu

Phe

Met

Leu

Ile

50

Phe

Gly

Thr

Val

Gly

130

Glu

Leu

Ile

Ala

Val

210

Ala

Glu

Glu

Arg

Gly

290

Gly

Ile

Asn

His

Leu

370

Met

Phe

Leu

Glu

Val

Asn

Thr

Ala

Ile

Phe

115

Leu

Leu

Met

Gly

Ile

195

Pro

Arg

Val

Lys

Ile

275

Ile

Phe

Ala

Arg

Val

355

Arg

Gln

Pro

Trp

Ala
435

Ala

Gly

Glu

Met

Ile

100

Ala

Ala

Ala

Ile

Asn

180

Ala

Glu

Ala

Ala

Ser

260

Leu

Asn

Ser

Val

Arg

340

Leu

Pro

Thr

Leu

Ile

420

Val

Thr

Ala

Gly

Phe

85

Ser

Pro

Val

Pro

Val

165

Val

Ala

Ser

Val

Asp

245

Met

Leu

Ser

Glu

Val

325

Thr

Ile

Tyr

Phe

Ala
405

Ala

Gly

Phe

Leu

Val

70

Phe

Leu

Ser

Gly

Phe

150

Val

Phe

Ile

Pro

Leu

230

Val

Gly

Val

Ile

Asn

310

Gly

Thr

Gly

Val

Leu
390
Met

Asn

Leu

Gly

Asn

55

Val

Gly

Ala

Phe

Gly

135

Glu

Gly

Gly

Pro

Arg

215

Glu

Glu

Leu

Gly

Met

295

Ala

Ala

Leu

Ile

Ile

375

Asn

Arg

Ala

Thr

Gly

Pro

Thr

Arg

Val

Ala

120

Ala

Ile

Gln

His

Ala

200

Trp

Thr

His

Arg

Ile

280

Tyr

Ala

Phe

Ile

Ala

360

Leu

Val

Gly

Phe

Gly
440

Leu

Met

Ser

Ile

Ala

105

Val

Ser

Arg

Leu

His

185

Ile

Leu

Ile

Leu

Glu

265

Gly

Tyr

Leu

Ile

Thr

345

Ser

Thr

Ala

Phe

Leu

425

Thr

Leu

Thr

Ser

Ser

90

Phe

Met

Thr

Gly

Ala

170

Asp

Ala

Val

Arg

Ala

250

Ile

Leu

Gly

Ile

Ala

330

Gly

Val

Leu

Thr

Ala
410

Gly

Phe

Phe

Arg

Leu

75

Asp

Phe

Val

Val

Ser

155

Ala

Gly

Leu

Glu

Pro

235

Arg

Leu

Gly

Gln

Ala

315

Leu

Tyr

Ala

Val

Trp

395

Ile

Leu

Phe

Gly

Glu

60

Leu

Asn

Val

Val

Val

140

Leu

Phe

Val

Phe

Arg

220

Leu

Glu

Ser

Val

Val

300

Asn

Trp

Ser

Phe

Val

380

Val

Gly

Phe

Met

Tyr

45

Leu

Phe

Trp

Gly

Gly

125

Pro

Ala

Val

Trp

Phe

205

Gly

Glu

Glu

Ser

Ala

285

Val

Val

Met

Leu

Pro

365

Val

Met

Ile

Phe

Phe
445

Asp

Gly

Gly

Gly

Thr

110

Arg

Val

Gly

Ile

Arg

190

Gly

Arg

Arg

His

Lys

270

Gln

Leu

Ala

Met

Thr

350

Val

Phe

Leu

Ser

Pro

430

Ala

Thr

Leu

Ala

Arg

95

Met

Val

Tyr

Arg

Asn

175

Tyr

Met

Ile

Ala

Ala

255

Trp

Gln

Ile

Pro

Asp

335

Thr

Gly

Val

Ser

Val
415

Thr

Gly

Gly

Thr

Ala

80

Arg

Ile

Leu

Leu

Asn

160

Ala

Met

Leu

Asp

His

240

Val

Leu

Leu

Glu

Gly

320

Arg

Ile

Asp

Gly

Glu
400
Phe

Ile

Ile
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Gly Val Val Ala Leu Ile

450

455

Gly Arg Thr Leu Glu Glu Ile Asp Glu Asp Val
470

465

475

Phe Asn Lys Asp Ile Arg Lys Gly Lys Val His

485

<210> SEQ ID NO 5
<211> LENGTH: 1524

<212> TYPE:

<213> ORGANISM:

DNA

<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

<400> SEQUENCE: 5

atgacggaca

ccagegegte

tatgacaccyg

gtgctgcage

ttegetggge

ctgttettee

tacggaccag

ggcgecteca

tceectgaceyg

aacgcgetta

geegtetgty

ccacgetgge

cgtaccecetyg

aatgcggcac

aagcacaccc

atcgceggea

tacggaaccc

attgcttteg

ctggatcgec

atcgcagetyg

atccttgttyg

tggetggegg

tgcggttggg

ggtatcacct

accaagtttg

accggecaga

tcaaggccac

gacttggaca

gtgtcgccaa

tcggegttgt

gtatctcgga

tcggatcaat

gatttgccac

cagtagttcc

gccgaaacga

tcgeegteac

cecteectge

tggtcaacca

agcgtgcgaa

ttectggtgt

acatgtccat

teggtgttge

gegtectega

gtgcegttge

gcaccacctt

cecggeactet

ttgggttegt

aaatcttccce

gcatcaatgg

tctecttect

ttcctgaaac

tcttcaagaa

<210> SEQ ID NO 6
<211> LENGTH: 508

<212> TYPE:

PRT

i0lT2-
(1) ..(1524)

Gen

atcaagtaca

aatttcccte

cggegecgaa

catcagttca

cgaaatcggyg

cctegtegta

cttggtcace

ggtgtaccte

gettgetate

cctacacgga

cgtegeecte

ggggcgttac

agccgaaatg

taagcagtct

cggcegaagte

agttgcccag

ggaatccgge

cgtcateggt

catcatcgge

ccttecagaa

getetecaty

agtccgaatg

cgtectageg

tatcttegea

cegtggecge

ggCt

490

Corynebacterium glutamicum

tcggecacta

gtegectgte

ggccacatgg

ctggtttteg

cgtcgaaaag

ttcteecceeyg

gggegeatca

getgaacteyg

gtcaccggee

gttattgatg

ttccteggea

gacgacgcce

gatgaaatca

tcgggccagg

ctcagcaaca

cagctcaceyg

atgagcgcag

ggactgatcyg

ctgtcactga

ggtaactcca

cagactttece

aagggtatcg

ttgttettee

gtcgtcggag

tcacttgaag

<213> ORGANISM: Corynebacterium glutamicum
<220> FEATURE:

<221> NAME/KEY :

IolT2-

Protein

460

Phe Ile Tyr Thr Gln Val Pro Glu Thr Arg

Thr Ser Gly Val Ile

cagcaccaac

tcggeggact

cacaagaact

ctgcagectt

caattatcac

ceggtgaget

tgttgggtet

caccactaga

agctgettge

gaatctggeg

tgctgeggat

gecegegteat

tcgeggtgea

cttcaggeca

aatggctggt

gcatcaacgce

aaatggctgt

cactgcgcaa

ccaccacctt

ttcgaccatt

tcaacgttge

gcaccggtat

cagcactggt

tcattgecect

aactcgatca

480

agcaggccga

tctettegge

cggactcaac

tggCgCgCtg

tttgtcegty

ggggcagttc

cgcggttgge

aatccgegge

cttegtgatce

catcatgtte

gecggaatca

ggagaccgte

ctctgaaaac

ggtttctage

tegtetgete

catcatgtac

ggttgccaac

catggaccge

ccacctttty

cgccatcatyg

agtgtgggtg

tteggtatte

ctceggegty

ggcegttegte

cgcageatte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1524
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52

<222> LOCATION:

<400> SEQUENCE:

Met

1

Thr

Cys

Ala

Gly

65

Phe

Thr

Pro

Ser

Ala

Asp

Ala

225

Arg

Gln

Glu

Gly

305

Tyr

Ile

Ile

Gly
385

Thr

Ala

Leu

Glu

50

Val

Ala

Leu

Ala

Thr

130

Val

Leu

Phe

Gly

Leu

210

Asn

Thr

Ser

Ala

Val

290

Val

Gly

Val

Ala

Gly
370

Thr

Asp

Gly

Gly

35

Gly

Val

Gly

Ser

Gly

115

Gly

Pro

Thr

Val

Ile

195

Phe

Gln

Pro

Glu

Ser

275

Leu

Ala

Thr

Ala

Leu

355

Leu

Leu

Ile

Arg

20

Gly

His

Ile

Arg

Val

100

Glu

Arg

Val

Gly

Ile

180

Trp

Leu

Gly

Glu

Asn

260

Gly

Ser

Val

Arg

Asn
340
Arg

Ser

Leu

(1) ..(508)

6

Lys

5

Pro

Leu

Met

Ser

Ile

85

Leu

Leu

Ile

Tyr

Arg

165

Asn

Arg

Gly

Arg

Arg

245

Asn

Gln

Asn

Ala

Val

325

Ile

Asn

Leu

Pro

Ala

Ala

Leu

Ala

Ser

70

Ser

Phe

Gly

Met

Leu

150

Asn

Ala

Ile

Met

Tyr

230

Ala

Ala

Val

Lys

Gln

310

Leu

Ala

Met

Thr

Glu
390

Thr

Arg

Phe

Gln

55

Leu

Asp

Phe

Gln

Leu

135

Ala

Glu

Leu

Met

Leu

215

Asp

Lys

Ala

Ser

Trp

295

Gln

Glu

Phe

Asp

Thr

375

Gly

Ser

Arg

Gly

40

Glu

Val

Glu

Leu

Phe

120

Gly

Glu

Leu

Ile

Phe

200

Arg

Asp

Ala

Leu

Ser

280

Leu

Leu

Glu

Gly

Arg

360

Thr

Asn

Ser

Leu

25

Tyr

Leu

Phe

Ile

Gly

105

Tyr

Leu

Leu

Ala

Ala

185

Ala

Met

Ala

Glu

Pro

265

Lys

Val

Thr

Ser

Ala
345
Leu

Phe

Ser

Thr

10

Gly

Asp

Gly

Ala

Gly

90

Ser

Gly

Ala

Ala

Ile

170

Val

Val

Pro

Arg

Met

250

Gly

His

Arg

Gly

Gly

330

Val

Asp

His

Ile

Ser

Gln

Thr

Leu

Ala

75

Arg

Ile

Pro

Val

Pro

155

Val

Thr

Cys

Glu

Arg

235

Asp

Val

Thr

Leu

Ile

315

Met

Ala

Arg

Leu

Arg
395

Ala

Ile

Gly

Asn

60

Ala

Arg

Leu

Gly

Gly

140

Leu

Thr

Leu

Ala

Ser

220

Val

Glu

Lys

His

Leu

300

Asn

Ser

Val

Arg

Leu

380

Pro

Thr

Ser

Val

45

Val

Phe

Lys

Val

Phe

125

Gly

Glu

Gly

His

Leu

205

Pro

Met

Ile

Gln

Met

285

Ile

Ala

Ala

Ile

Thr
365

Ile

Phe

Thr

Leu

30

Ala

Leu

Gly

Ala

Val

110

Ala

Ala

Ile

Gln

Gly

190

Pro

Arg

Glu

Ile

Ser

270

Ser

Ala

Ile

Glu

Gly

350

Thr

Ala

Ala

Ala

15

Val

Asn

Gln

Ala

Ile

95

Phe

Thr

Ser

Arg

Leu

175

Val

Ala

Trp

Thr

Ala

255

Ser

Ile

Gly

Met

Met

335

Gly

Phe

Ala

Ile

Pro

Ala

Gly

Leu

Leu

80

Ile

Ser

Leu

Thr

Gly

160

Leu

Ile

Val

Leu

Val

240

Val

Gly

Gly

Ile

Tyr

320

Ala

Leu

Ile

Ala

Met
400
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54

Ile Leu Val

Ala Val Trp

Ile Gly Thr

435

Leu Ala Leu
450

Ser Phe Leu
465

Thr Lys Phe

His Ala Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Gly Phe Val Leu

405

Val Trp Leu Ala Glu

420

Gly Ile Ser Val Phe

440

Phe Phe Pro Ala Leu

455

Ile Phe Ala Val Val
470

Val Pro Glu Thr Arg

485

Phe Thr Gly Gln Ile

500

D NO 7
H: 1399
DNA

<213> ORGANISM: Corynebacterium

<220> FEATU
<221> NAME/
<222> LOCAT

Pos 3

RE:

KEY: i0lC-Gen mit 5'

ION: (383).
<223> OTHER INFORMATION:

84 A->G

<400> SEQUENCE: 7

gatgtctect

atgtaactga

catccaggge

tagtgaaaag

aaagcgaggg

ggggttttgc

aggacaatgt

gagtgaaggg

cggeegettyg

atctttegge

tggacacaat

tgctgagetyg

gaccccagty

cgaaccaaag

cgaagccgat

acaccgcgag

ccgaccaatg

gecattccacy

gccagagege

gggacctaag

cgtegatgte

tetgetetet

tgtggegtec

ttcegttgece

gttgecgggtyg

ttttattgat

ggcagagttt

ggttttegte

gegttttegy

gttattgtca

ttgcatecgee

ggcgtagata

aagtacctcg

tcecgeactge

gagcgtttgg

accttetgtyg

getecggate

attttgtggt

atcttgacta

ttctgggaat

gtggeggttg

dcgggecegayg

ggtgtcatgg

atcaacggtc

gaatggccgt

cgtcttgaat

. (384)

acccaacaag

gtggtettgg

ctgacattat

gcaggtcata

gacaagcaaa

gaatcgtttt

tgggatgcga

acatgactaa

tttacccact

dcggaagege

tgtccegtgt

gegtggacaa

aaattttccce

tcaatattga

tcacactcac

ctcegtgegaa

ccccagaaga

gcaacaagga

cactgttgga

cgatgaccaa

ttggtgccgg

tggaaaaggt

gctecacege

Ser Met Gln
410

Ile Phe Pro
425

Cys Gly Trp

Val Ser Gly

Gly Val Ile
475

Gly Arg Ser
490

Phe Lys Lys
505

glutamicum

Thr Phe Leu
Val Arg Met
430

Gly Ile Asn
445

Val Gly Ile
460
Ala Leu Ala

Leu Glu Glu

Ala

Asn Val
415

Lys Gly

Gly Val

Thr Phe

Phe Val

480

Leu Asp
495

regulat Bereich Substitution

ctcatgtaaa

taaatccgtyg

cacttgcatt

acgtgcaact

atctttgaat

agaaaatttt

tcgtgagggt

cttgacgage

tcaaagtgga

agcaaacgtt

gggaaatgat

ccagtacgtt

accggatgat

atccgcagac

tggtttcagt

cegtegecac

ggccaccaag

agaatgcgaa

acgcggtgtg

ggacgaaacc

cgatgcatte

tcetecgtttt

aatgcctact

tgtgttagga

ttcatgcagyg

agggaatgag

ttgttaaccc

gaaaaccggg

cggaaatgta

cgccacatte

actcacgaag

gtaggactgg

tctgttgeag

ccttteggeyg

gccaccgate

ttceccactgt

gtcagectgg

gaagagccaa

accatctttyg

caggcggaat

atcgcagtygyg

gagttggcca

gtagaagttc

dgeggegcege

gccaacacceg

accgatgagg

catttgaaca

acttttgtgt

tagcgaaact

cgcaccttee

gegttgeect

ttgctttgte

catcaaaaat

tcctagetat

ccgatgttea

cecgecegeca

agtacctget

agacttttaa

acttctaccyg

acgatgtgeg

geegeggeac

atctggacta

gggcgttgca

gecgagaccga

tcgtcaagea

ctecegttett

tgtgccacgyg

cgggtgcgct

tggaagccte

Substitution an Pos 383 C->G Substitution an

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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-continued

56

cctcaaccag aaagtcetga

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 8

LENGTH: 1397

TYPE: DNA

ORGANISM: Corynebacterium glutamicum

FEATURE:

NAME/KEY: iolC-Gen mit 5' regulat Bereich Deletion
LOCATION: (383)..(384)

OTHER INFORMATION: Deletion Pos 383 und 384

SEQUENCE: 8

gatgtctect ttegttgecce acccaacaag ctcatgtaaa tgtgttagga catttgaaca

atgtaactga gttgcgggtg gtggtcettgg taaatcegtg ttcatgcagg acttttgtgt

catccaggge ttttattgat ctgacattat cacttgeatt agggaatgag tagcgaaact

tagtgaaaag ggcagagttt gcaggtcata acgtgcaact ttgttaacce cgcaccttece

aaagcgaggyg ggttttegte gacaagcaaa atctttgaat gaaaaccggg gegttgecct

ggggttttge gegttttegg gaatcgtttt agaaaatttt cggaaatgta ttgetttgte

aggacaatgt gttattgtca tgatgcgate gtgagggteg ccacattcca tcaaaaatga

gtgaagggtt gcatcgccac atgactaact tgacgagcac tcacgaagtc ctagetateg

gecgettggyg cgtagatatt tacccacttce aaagtggagt aggactggec gatgttcaat

cttteggcaa gtacctegge ggaagcgeag caaacgttte tgttgecagee geccgecatg

gacacaattc cgcactgetg tccegtgtgg gaaatgatce ttteggegag tacctgettg

ctgagetgga gegtttggge gtggacaace agtacgttge caccgatcag acttttaaga

cceccagtgac cttetgtgaa atttteccac cggatgattt ceccactgtac ttctaccegeg

aaccaaaggc tccggatcte aatattgaat ccgcagacgt cagectggac gatgtgegeg

aagccgatat tttgtggtte acactcactg gtttcagtga agagccaage cgeggcacac

accgcgagat cttgactact cgtgcgaace gtegecacac catctttgat ctggactace

gaccaatgtt ctgggaatcc ccagaagagg ccaccaagca ggcggaatgyg gegttgeage

attccacggt ggcggttgge aacaaggaag aatgcgaaat cgcagtggge gagaccgage

cagagcgege gggecgagcea ctgttggaac geggtgtgga gttggecate gtcaagcagg

gacctaaggg tgtcatggeg atgaccaagyg acgaaaccgt agaagttect cegttetteg

tcgatgtcat caacggtett ggtgeceggeg atgcattegg cggegegetyg tgccacggte

tgctctctga atggeegttyg gaaaaggtte tcegttttge caacaccgeg ggtgegettg

tggcegteceg tecttgaatge tcecaccgecaa tgectactac cgatgaggtyg gaagectccce

tcaaccagaa agtctga

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 9

LENGTH: 2253

TYPE: DNA

ORGANISM: Corynebacterium glutamicum

FEATURE:

NAME/KEY: iolTl-Gen mit 5' regulat Bereich Substitution
LOCATION: (665) .. (666)

1399

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1397

OTHER INFORMATION: Substitution an Pos 665 C->G Substitution an

Pos 666 A->G

SEQUENCE: 9

accttgattg atcatgtcga ggaaagcegt acggetttece tetgggattg ttctacgaat

geccactteg cacccttegg gttgctegtyg gtgcattcac cccctgaacce cgectagggt

60

120
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58

-continued
ttgatgcaaa aattcgttcg actttatgge cagacctcac gectgtggtyg aaaaattgat 180
cagcaaacac ccaggtttca cattcgeccce accagtccca aaatgatgac gttccagage 240
geegectgac ggcaatttgt gceccactttg acacaagtgg tcgatcgacg tctegagecyg 300
cttaaacggg cgattatcgce cccaccatte cegatgteeg ctectegeac getttttgta 360
atgacattag gatctttaag cagtgaatga ggtgacaatg tcacctaaca aaggtgtcaa 420
acagccccaa tcactaccce ctccacccee geacccttat ccagaaactce ccatgcetcca 480
acatttccag agggggcagt ttctgacatt aaccacataa ctectgcatc aaaccgcage 540
taacagccac acccctgetg aaaatcccga atggaaaacce atacccaagce agacaccccce 600
acccctaagt attaccaatt actcaaaagt attcaaaaaa agtttgttat gtacgattga 660
cgggggatat cgtgtctgcce acgattaaag acattggtga tgtgaatcac tgcctactac 720
atcgtgttte gtgaccctge acctccaagt aagggcacga caaacttagyg agacaagatg 780
gctagtacct tcattcagge cgacagccct gaaaaaagta agaagctgcc cccactcaca 840
gaaggtcegt atagaaagcg gctattctac gttgcactag ttgcgacgtt tggtgggetg 900
ctetteggat atgacaccgg agtaatcaac ggtgcactca acccaatgac acgtgagcete 960
ggactaaccg cgttcaccga gggtgttgta acttcttcec tgetgtttgg tgcagcaget 1020
ggtgcgatgt ttttcecggtcg catttccgac aactggggtce geccggaaaac aatcatctca 1080
cttgcagtag ctttectttgt cggcaccatg atctgcgtgt ttgctccatce ttttgcagta 1140
atggttgtcg gacgtgtgcet tcettggacte gcagttggtg gecgcttccac tgttgtcect 1200
gtctacctgg ctgaacttge tccttttgaa atccgtgget cactggctgg ccgtaatgag 1260
ttgatgattg ttgttggtca gctcgcagct tttgtcatca atgcgattat tggaaatgtt 1320
tttggacacc acgatggtgt gtggcgctac atgctggcaa ttgccgcaat cccagcaatt 1380
gccctettet ttggaatgct ccgagttcca gaatccccac getggettgt tgagcgagga 1440
cgcattgatg aggctcgege agttcttgaa accattcgece ctctagaacg tgcccatgca 1500
gaagttgctg atgttgaaca cctagcaaga gaagagcacg ccgtttccga gaagtccatg 1560
ggcttaaggg aaattttgtc cagcaagtgg cttgtgcgca tectcecctggt aggtatcgga 1620
ttgggtgtcg cacagcagct gaccggcatc aactccatca tgtactacgg ccaggttgtt 1680
ctcattgagg ctggtttctc cgagaatgca gctctgatcg ccaacgtggce gcecaggagtg 1740
atcgcagttg tcggtgcatt catcgcactg tggatgatgg atcgtatcaa ccgccgtacce 1800
accctcatta ccggttatte tetcaccace attagccacg tattgatcgg tatcgcatcce 1860
gtagcattcc cagtcggcga tcctcecttege cecctacgtta tettgactcect ggttgtggte 1920
ttecgtgggat ccatgcagac cttcecctcaac gtagctacct gggttatget ctectgagetce 1980
ttccegetgg caatgcgegg tttegcaate ggtatctcag tgttcecttect ctggatcegcea 2040
aacgcgttce tcggattgtt cttcecccaacce atcatggaag cagtaggact aaccggaacc 2100
ttecttecatgt tcgccggaat cggtgtggtt gceccttgatcet tcatctacac ccaggttect 2160
gaaactcgtg gacgtacctt ggaggagatt gatgaggatg ttacttccgg tgtcatttte 2220
aacaaggaca tccgaaaagg aaaggtgcac taa 2253

<210> SEQ ID NO 10
<211> LENGTH: 2251

<212> TYPE:

DNA

<213> ORGANISM: Corynebacterium glutamicum
<220> FEATURE:
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<221> NAME/KEY :
<222> LOCATION:

1i0lT1-
(665) .

Gen mit 5'
. (666)

regulat Bereich mit Deletion

<223> OTHER INFORMATION: Deletion an Pos 665 und 666

<400> SEQUENCE: 10

accttgattg

geccactteyg

ttgatgcaaa

cagcaaacac

geegectgac

cttaaacggg

atgacattag

acagccccaa

acatttccag

taacagccac

acccctaagt

cgggatatcg

cgtgtttegt

tagtacctte

aggtcegtat

ctteggatat

actaaccgeg

tgcgatgttt

tgcagtagct

ggttgtcgga

ctacctgget

gatgattgtt

tggacaccac

cctettettt

cattgatgag

agttgctgat

cttaagggaa

gggtgtcgca

cattgaggct

cgcagttgte

cctcattacce

agcattccca

cgtgggatce

cecegetggea

cgegttecte

cttcatgtte

aactcgtgga

atcatgtcga

cacccttegyg

aattcgtteg

ccaggtttca

ggcaatttgt

cgattatege

gatctttaag

tcactacccce

agggggcage

accectgetyg

attaccaatt

tgtctgecac

gaccctgeac

attcaggeeg

agaaagcggc

gacaccggag

ttcaccgagyg

ttcggtegea

ttetttgteg

cgtgtgette

gaacttgete

gttggtcage

gatggtgtgt

ggaatgctce

getegegeag

gttgaacacc

attttgtcca

cagcagctga

ggtttctecy

ggtgcattca

ggttattcte

gteggegate

atgcagacct

atgcgeggtt

ggattgttet

gecggaatceg

cgtaccttygg

ggaaagccgt

gttgctegty

actttatgge

cattcgeece

geccacttty

cccaccatte

cagtgaatga

ctccacccecce

ttetgacatt

aaaatcccga

actcaaaagt

gattaaagac

ctccaagtaa

acagcectga

tattctacgt

taatcaacgg

gtgttgtaac

tttccgacaa

gcaccatgat

ttggactege

cttttgaaat

tcgcagettt

ggcgctacat

gagttccaga

ttcttgaaac

tagcaagaga

gcaagtggcet

ccggcatcaa

agaatgcagc

tcgcactgtyg

tcaccaccat

ctecttegece

tcctcaacgt

tcgcaategyg

tcccaaccat

gtgtggttge

aggagattga

acggctttee

gtgcattcac

cagacctcac

accagtccca

acacaagtgg

ccgatgtecyg

ggtgacaatg

gcacccettat

aaccacataa

atggaaaacc

attcaaaaaa

attggtgatg

gggcacgaca

aaaaagtaag

tgcactagtt

tgcactcaac

ttetteecty

ctggggtcgc

ctgegtgttt

agttggtggc

cegtggetea

tgtcatcaat

getggecaatt

atccccacge

cattcgeect

agagcacgcc

tgtgcgcatce

ctccatcatg

tctgategee

gatgatggat

tagccacgta

ctacgttatce

agctacctygg

tatctcagtyg

catggaagca

cttgatctte

tgaggatgtt

tctgggattyg

ccectgaace

gecetgtggtyg

aaatgatgac

tcgatcgacy

ctcctegeac

tcacctaaca

ccagaaactce

ctcctgeate

atacccaage

agtttgttat

tgaatcactyg

aacttaggag

aagctgecece

gegacgtttyg

ccaatgacac

ctgtttggtyg

cggaaaacaa

gctecatett

gettecactyg

ctggetggece

gegattattg

gecegcaatee

tggcttgttyg

ctagaacgtyg

gtttcegaga

ctcctggtag

tactacggce

aacgtggege

cgtatcaacc

ttgatcggta

ttgactctygyg

gttatgetet

ttcttectet

gtaggactaa

atctacaccce

acttceggty

ttctacgaat

cgcctagggt

aaaaattgat

gttccagage

tctegagecy

getttttgta

aaggtgtcaa

ccatgeteca

aaaccgcage

agacaccccc

gtacgattga

cctactacat

acaagatggce

cactcacaga

gtgggctgct

gtgagetegg

cagcagctygyg

tcatctcact

ttgcagtaat

ttgtccetgt

gtaatgagtt

gaaatgtttt

cagcaattge

agcgaggacyg

cccatgcaga

agtccatggyg

gtatcggatt

aggttgttet

caggagtgat

gecegtaccac

tcgecatcegt

ttgtggtett

ctgagetett

ggatcgcaaa

ccggaacctt

aggttcctga

tcattttcaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220
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caaggacatc cgaaaaggaa aggtgcacta a

<210> SEQ ID NO 11

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: artificial
<220> FEATURE:

<221> NAME/KEY: PromiolTl_fw_fw
<222> LOCATION: (1)..(42)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 11

tgcatgecctyg caggtcgact gaaaaattga tcagcaaaca cc

<210> SEQ ID NO 12

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: PromiolTlfw_rev
<222> LOCATION: (1)..(38

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 12

ggcagacacg atatcccceg tcaatcgtac atagggaa

<210> SEQ ID NO 13

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: Pioltl rev fw
<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 13

cgggggatat cgtgtetgee acgattaaag

<210> SEQ ID NO 14

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: pioltl_rev_rev
<222> LOCATION: (1)..(38)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 14

ttgtaaaacyg acggccagtg gagtccaaga agcacacg

<210> SEQ ID NO 15

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: checkPromiolT1lfw
<222> LOCATION: (1)..(24)

<223> OTHER INFORMATION: Primer

2251

42

38

30

38
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<400> SEQUENCE: 15

tacgaatgce cacttegeac cctt

<210> SEQ ID NO 16

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: checkPromiolTlrev
<222> LOCATION: (1)..(26

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 16

caactcatta cggccageca gtgage

<210> SEQ ID NO 17

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: PO13 iolC fw
<222> LOCATION: (1)..(38

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 17

tgcatgecctyg caggtecgact ggatgeegte ttegagge

<210> SEQ ID NO 18

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: PO13 iolC rev
<222> LOCATION: (1)..(33)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 18

gaccctcacg atcgcatcce atgacaataa cac

<210> SEQ ID NO 19

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: PO13 iolC rev_fw
<222> LOCATION: (1)..(29

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 19

gggatgcgat cgtgagggtc gccacattce

<210> SEQ ID NO 20

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer
<220> FEATURE:

<221> NAME/KEY: PO13 iolC rev_rev
<222> LOCATION: (1)..(42)

<223> OTHER INFORMATION: Primer

24

26

38

33

29
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<400> SEQUENCE: 20
ttgtaaaacg acggccagtg cttggctett cactgaaacce ag 42
<210> SEQ ID NO 21
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: primer
<220> FEATURE:
<221> NAME/KEY: Check Prom iolC fw
<222> LOCATION: (1)..(25
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 21
tctegtttte taggecgtget ccggg 25
<210> SEQ ID NO 22
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: primer
<220> FEATURE:
<221> NAME/KEY: Check Prom iolC rev
<222> LOCATION: (1)..(22)
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 22
cgacggttcg cacgagtagt ca 22
<210> SEQ ID NO 23
<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: DPO61iolTl Fw_fw
<222> LOCATION: (1)..(38
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 23
tgcatgcctyg caggtcgact aattgatcag caaacacce 38
<210> SEQ ID NO 24
<211> LENGTH: 29
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: DPO6iolTl_Fw_rev
<222> LOCATION: (1)..(29
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 24
atcgtggcag acacgatatc ccgtcaatc 29

<210> SEQ ID NO 25

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: DPO6iolTl _rev_fw
<222> LOCATION: (1)..(31
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<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 25

gatatcgtgt ctgccacgat taaagacatt g

<210> SEQ ID NO 26

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: DP06iolTl _rev rev
<222> LOCATION: (1)..(38

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 26

ttgtaaaacyg acggccagtg actgcgagte caagaagce

<210> SEQ ID NO 27

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: DPO13iolC_fw_fw
<222> LOCATION: (1)..(38

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 27

tgcatgecctyg caggtcgact cegtettega ggegttgg

<210> SEQ ID NO 28

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: DPO13iolC_fw_rev
<222> LOCATION: (1).. (28

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 28

gtggcgacce tcacgatcge atcccatg

<210> SEQ ID NO 29

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: DPO13iolC_rev_fw
<222> LOCATION: (1).. (28

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 29

gegategtga gggtcegecac attccatce

<210> SEQ ID NO 30

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: DP0O13iolC_rev rev

31

38

38

28

28



US 12,312,608 B2
69 70

-continued
<222> LOCATION: (1)..(38
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 30
ttgtaaaacg acggccagtg cgcggcttgg ctcttcac 38
<210> SEQ ID NO 31
<211> LENGTH: 39
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: i0lG vorne fw
<222> LOCATION: (1)..(39
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 31
tgcatgcctg caggtcgact gaagagttcg gcatgaagce 39
<210> SEQ ID NO 32
<211> LENGTH: 34
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: i0lG vorne rev
<222> LOCATION: (1)..(34)
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 32
tactceceggg catatggcga aggctcettge tcat 34
<210> SEQ ID NO 33
<211> LENGTH: 52
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: i0lG hinten fw
<222> LOCATION: (1)..(52)
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 33
gagccttege catatgcccg ggagtactgg atccgttgat geggcaccte go 52
<210> SEQ ID NO 34
<211> LENGTH: 43
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: i0lG hinten rev
<222> LOCATION: (1)..(43)
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 34
ttgtaaaacg acggccagtg atgactcgcc atgcttcaat acc 43

<210> SEQ ID NO 35

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:
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<221> NAME/KEY: check iolG fw
<222> LOCATION: (1)..(25
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 35
cgacgttgcet ggtcttgett ccaag 25
<210> SEQ ID NO 36
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: check i0lG rev
<222> LOCATION: (1)..(25
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 36
ggttagtgat gtagcgcagg ccgtg 25
<210> SEQ ID NO 37
<211> LENGTH: 41
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: NCS_PTuf_fw
<222> LOCATION: (1).. (41
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 37
tttaaattgt gtccatgagg cacagggtag ctggtagttt g 41
<210> SEQ ID NO 38
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: NCS_PTuf_rev
<222> LOCATION: (1)..(30
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 38
tcttgctcat acgcgttect cctggactte 30
<210> SEQ ID NO 39
<211> LENGTH: 28
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: NCS_Ptuf_iolG fw
<222> LOCATION: (1)..(28
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 39
aggaacgcgt atgagcaaga gccttege 28

<210> SEQ ID NO 40

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
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<220> FEATURE:
<221> NAME/KEY: NCS_Ptuf_iolG rev
<222> LOCATION: (1).. (40
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 40
cgaagcatat gccegggagt ttaagegtag aaatctggge 40
<210> SEQ ID NO 41
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: NCS check fw
<222> LOCATION: (1)..(26
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 41
cggaatgatc ttgacccttg ttggtg 26
<210> SEQ ID NO 42
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: NCS check rev
<222> LOCATION: (1)..(26
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 42
atcaagcaga tctctgagcet gctggce 26
<210> SEQ ID NO 43
<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: CgLP4 fw fw
<222> LOCATION: (1)..(38
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 43
tgcatgcctyg caggtecgact cttetgggte ggegatac 38
<210> SEQ ID NO 44
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: CgLP4_fw_rev
<222> LOCATION: (1)..(30
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 44
ctaccctgtg catcaaaaaa tccgcecgtte 30

<210> SEQ ID NO 45
<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:
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<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP4 PTuf fw
<222> LOCATION: (1)..(31)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

ttttttgatg cacagggtag ctggtagttt g

<210> SEQ ID NO 46

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP4 PTuf rev
<222> LOCATION: (1)..(30

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

tcttgetecat acgegttect cctggactte

<210> SEQ ID NO 47

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP4_iolG_fw
<222> LOCATION: (1).. (28

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 47

aggaacgcgt atgagcaaga gecttege

<210> SEQ ID NO 48

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP4_iolG_rev
<222> LOCATION: (1)..(30

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 48

ctcacttagt ttaagegtag aaatctggge

<210> SEQ ID NO 49

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP4_rev_fw
<222> LOCATION: (1).. (28

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 49

ctacgcttaa actaagtgag tttggatg
<210> SEQ ID NO 50

<211> LENGTH: 40

<212> TYPE: DNA
<213> ORGANISM: Unknown

31

30

28

30

28
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<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: CgLP4_rev_rev
<222> LOCATION: (1).. (40
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 50
ttgtaaaacg acggccagtg tagtacgcgg ataaatgatce 40
<210> SEQ ID NO 51
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: CgLP4_Check_fw
<222> LOCATION: (1)..(22)
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 51
tgcaggtcac tgtggaaaat cg 22
<210> SEQ ID NO 52
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: CgLP4_Check_rev
<222> LOCATION: (1)..(24)
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 52
aatcagcatc acccatcecct tcac 24
<210> SEQ ID NO 53
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: CgLP12_fw_fw
<222> LOCATION: (1).. (40
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 53
tgcatgcctyg caggtcgact cgttgaagac tccgtcaaac 40
<210> SEQ ID NO 54
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: CgLPl2 fw_rev
<222> LOCATION: (1)..(30
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 54
ctaccctgtg atatgccgat tgcaagaaac 30

<210> SEQ ID NO 55
<211> LENGTH: 31
<212> TYPE: DNA
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<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP12_PTuf_fw
<222> LOCATION: (1)..(31

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 55

atcggcatat cacagggtag ctggtagttt g

<210> SEQ ID NO 56

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP12_PTuf_rev
<222> LOCATION: (1)..(30

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 56

tcttgetecat acgegttect cctggactte

<210> SEQ ID NO 57

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLP12_iolG_fw
<222> LOCATION: (1).. (28

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 57

aggaacgcgt atgagcaaga gecttege

<210> SEQ ID NO 58

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLPl2 iolG_rev
<222> LOCATION: (1)..(33)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 58

attttttgac tgattaagcg tagaaatctg ggce

<210> SEQ ID NO 59

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: CgLPl2_rev_fw
<222> LOCATION: (1)..(34)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 59

ctacgcttaa tcagtcaaaa aatgttgaaa tcag

<210> SEQ ID NO 60
<211> LENGTH: 39

31

30

28

33

34
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<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

TYPE: DNA

ORGANISM: Unknown
FEATURE:

OTHER INFORMATION: Primer
FEATURE:

NAME/KEY: CgLPl2_rev_rev
LOCATION: (1)..(39)

OTHER INFORMATION: Primer

SEQUENCE: 60

ttgtaaaacg acggccagtg ttggegette tttgaagag

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 61

LENGTH: 25

TYPE: DNA

ORGANISM: Unknown
FEATURE:

OTHER INFORMATION: Primer
FEATURE:

NAME/KEY: CgLP12_Check Fw
LOCATION: (1)..(25

OTHER INFORMATION: Primer

SEQUENCE: 61

ctcaaggtca tccgtgaaat gtgge

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 62

LENGTH: 24

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Primer
FEATURE:

NAME/KEY: CgLP12_Check Rev
LOCATION: (1)..(24)

OTHER INFORMATION: Primer

SEQUENCE: 62

ttggctttee atgectttgag gact

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 63

LENGTH: 1399

TYPE: DNA

ORGANISM: Corynebacterium glutamicum
FEATURE:

NAME/KEY: iolC-Gen mit 5' regulat Bereich Substitution

LOCATION: (143)..(212)

OTHER INFORMATION: Substitution an Pos 143
Pog 144 (C->G) Substitution an Pos 211

212 (C->G)

SEQUENCE: 63

gatgtctect ttegttgcce acccaacaag ctcatgtaaa

atgtaactga gttgcgggtg gtggtettgg taaatcegtg

catccaggge ttttattgat ctgggattat cacttgeatt

tagtgaaaag ggcagagttt gcaggtcata gggtgcaact

aaagcgaggyg ggttttegte gacaagcaaa atctttgaat

ggggttttge gegttttegg gaatcgtttt agaaaatttt

aggacaatgt gttattgtca tgacatgega tcgtgagggt

gagtgaaggg ttgcatcgec acatgactaa cttgacgage

cggecgetty ggcegtagata tttacccact tcaaagtgga

atctttegge aagtaccteg geggaagege agcaaacgtt

tgtgttagga

ttcatgcagyg

agggaatgag

ttgttaaccc

gaaaaccggg

cggaaatgta

cgccacatte

actcacgaag

gtaggactgg

tctgttgeag

(A->G)

39

25

24

Substitution an
(A->G) Substitution an Pos

catttgaaca

acttttgtgt

tagcgaaact

cgcaccttee

gegttgeect

ttgctttgte

catcaaaaat

tcctagetat

ccgatgttea

cecgecegeca

60

120

180

240

300

360

420

480

540

600
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tggacacaat tccgcactgce tgtccegtgt gggaaatgat ccttteggeg agtacctget 660
tgctgagetg gagegtttgg gegtggacaa ccagtacgtt gccaccgatc agacttttaa 720
gaccccagtg accttetgtg aaattttccc accggatgat ttcccactgt acttctaccg 780
cgaaccaaag gctccggatc tcaatattga atccgcagac gtcagcctgg acgatgtgeg 840
cgaagccgat attttgtggt tcacactcac tggtttcagt gaagagccaa gccgeggcac 900
acaccgcgag atcttgacta ctecgtgcgaa ccgtcegeccac accatctttg atctggacta 960

ccgaccaatyg ttetgggaat ccccagaaga ggecaccaag caggceggaat gggegttgea 1020

gecattccacyg gtggeggttyg gcaacaagga agaatgcgaa atcgcagtgyg gegagaccga 1080

geccagagege gegggccgag cactgttgga acgeggtgtg gagttggeca tegtcaagea 1140

gggacctaag ggtgtcatgg cgatgaccaa ggacgaaacc gtagaagttc ctcecgttett 1200

cgtcgatgtce atcaacggtc ttggtgccgg cgatgcattce ggcggcgcge tgtgccacgg 1260

tctgctetet gaatggcegt tggaaaaggt tctecgtttt gecaacaccg cgggtgcget 1320

tgtggcegtce cgtcttgaat gctccaccge aatgcctact accgatgagg tggaagcctce 1380

cctcaaccag aaagtctga 1399

<210> SEQ ID NO 64

<211> LENGTH: 1395

<212> TYPE: DNA

<213> ORGANISM: Corynebacterium glutamicum

<220> FEATURE:

<221> NAME/KEY: iolC-Gen mit 5' regulat Bereich Deletion

<222> LOCATION: (143)..(212)

«223> OTHER INFORMATION: Deletion an Pos 143, Pos 144, Pog 211 und Pos
212

<400> SEQUENCE: 64

gatgtctect ttegttgcece acccaacaag ctcatgtaaa tgtgttagga catttgaaca 60

atgtaactga gttgegggtg gtggtcttgg taaatcegtyg ttcatgcagyg acttttgtgt 120

catccaggge ttttattgat ctgattatca cttgcattag ggaatgagta gcgaaactta 180

gtgaaaaggyg cagagtttgce aggtcatagt gcaactttgt taaccccgca ccttccaaag 240

cgagggggtt ttcegtcgaca agcaaaatct ttgaatgaaa accggggegt tgcectgggg 300

ttttgcgegt tttcgggaat cgttttagaa aattttcecgga aatgtattge tttgtcagga 360

caatgtgtta ttgtcatgac atgcgatcgt gagggtcgec acattccatc aaaaatgagt 420

gaagggttge atcgccacat gactaacttg acgagcactce acgaagtcct agctatcgge 480

cgettgggeg tagatattta cccacttcaa agtggagtag gactggccga tgttcaatct 540

tteggcaagt accteggegg aagcgcagca aacgtttetyg ttgcagecege ccgecatgga 600

cacaattceg cactgetgte ccgtgtggga aatgatcctt teggcgagta cctgettget 660

gagctggage gtttgggcegt ggacaaccag tacgttgcca ccgatcagac ttttaagacce 720

ccagtgacct tctgtgaaat tttcccaccg gatgatttece cactgtactt ctaccgcgaa 780

ccaaaggcte cggatctcaa tattgaatcc gecagacgtca gectggacga tgtgegcgaa 840

geegatattt tgtggttcac actcactggt ttcagtgaag agccaagccg cggcacacac 900

cgegagatcet tgactactcg tgcgaaccgt cgecacacca tcetttgatet ggactaccga 960

ccaatgttct gggaatcccece agaagaggcece accaageagg cggaatggge gttgcageat 1020

tccacggtgyg cggttggcaa caaggaagaa tgcgaaateg cagtgggega gaccgageca 1080

gagcegegegg gecgagcact gttggaacge ggtgtggagt tggecategt caagecaggga 1140
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cctaagggtyg tcatggegat gaccaaggac gaaaccgtag aagttectcee gttettegte
gatgtcatca acggtcttgg tgccggegat gcatteggeg gegegetgtyg ccacggtetg
ctctetgaat ggcegttgga aaaggttete cgttttgeca acaccgeggg tgegettgtg

gegtcecegte ttgaatgete caccgcaatyg cctactacceg atgaggtgga agectcectce

aaccagaaag tctga

<210> SEQ ID NO 65

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: PO5-P09 iolC_fw_fw
<222> LOCATION: (1)..(39)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 65

tgcatgecctyg caggtecgact ggttggegtt tttgaggte

<210> SEQ ID NO 66

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: PO5-P0O9 iolC_fw_rev
<222> LOCATION: (1)..(51

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 66

taagtttcge tactcattce ctaatgcaag tgataatccce agatcaataa a

<210> SEQ ID NO 67

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: PO5-P0O9 iolC_rev_fw
<222> LOCATION: (1)..(56)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 67

ggaatgagta gcgaaactta gtgaaaaggg cagagtttge aggtcatagyg gtgcaa

<210> SEQ ID NO 68

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: PO5-P0O9 iolC rev_rev
<222> LOCATION: (1)..(38

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 68

ttgtaaaacg acggccagtg tccagctcag caagcagg
<210> SEQ ID NO 69

<211> LENGTH: 25

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

1200

1260

1320

1380

1395

39

51

56

38
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<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: PO5-P0O9 iolC_check_fw
<222> LOCATION: (1)..(25)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 69

gagtttttcet gecgatggegg aactt

<210> SEQ ID NO 70

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: PO5-P0O9 iolC check_rev
<222> LOCATION: (1)..(25

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 70

ggggtcttaa aagtctgatce ggtgg

<210> SEQ ID NO 71

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: dPO5-P09iolC_fw_fw
<222> LOCATION: (1)..(38)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 71

tgcatgecctyg caggtecgact ggttggegtt tttgaggte

<210> SEQ ID NO 72

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: dPO5-P09iolC_fw_rev
<222> LOCATION: (1)..(59

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 72

taagtttcge tactcattce ctaatgcaag tgataatcag atcaataaaa gccctggat

<210> SEQ ID NO 73

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: dPO5-P09iolC rev_fw
<222> LOCATION: (1)..(66)

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 73
ggaatgagta gcgaaactta gtgaaaaggg cagagtttge aggtcatagt gcaactttgt

taaccc

<210> SEQ ID NO 74

25

25

39

59

60

66
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<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: dP05-P0O9iolC rev rev
<222> LOCATION: (1)..(38
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 74
ttgtaaaacg acggccagtg tccagctcag caagcagg 38
<210> SEQ ID NO 75
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: dPO5-P09iolC check fw
<222> LOCATION: (1)..(25
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 75
gagtttttcet gcgatggcgg aactt 25
<210> SEQ ID NO 76
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: dP05-P0O9iolC check _rev
<222> LOCATION: (1)..(25
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 76
ggggtcttaa aagtctgatc ggtgg 25
40

The invention claimed is:

1. A coryneform bacterial cell, wherein the coryneform
bacterial cell has an enhanced expression and/or increased
activity, compared to the expression of the respective parent
gene or enzyme in a wild type coryneform bacterial cell, of
a homologous D-xylose dehydrogenase comprising an
amino acid sequence that has at least 70% identity to the
amino acid sequence according to SEQ ID NO. 2, wherein
the coryneform bacterial cell comprises a nucleic acid
sequence with one or more nucleotide substitutions or
nucleotide deletions in the operatively linked IolR binding
sites of the i0lT1 gene selected from the group containing
nucleic acid sequences according to SEQ ID NO. 9 and SEQ
ID NO. 10, which enhances expression and/or increases
activity of the homologous D-xylose dehydrogenase in the
coryneform bacterial cell.

2. The coryneform bacterial cell according to claim 1,

wherein the coryneform bacterial cell comprises a first

nucleic acid sequence, wherein the first nucleic acid
sequence is

a) a nucleic acid sequence containing at least 70% identity

to the nucleic acid sequence according to SEQ ID NO.
ls

b) a nucleic acid sequence which, under stringent condi-

tions, hybridizes with a complementary sequence of a
nucleic acid sequence according to SEQ ID NO. 1,

45

50

55

60

65

¢) a nucleic acid sequence according to SEQ. ID NO. 1,

or

d) a nucleic acid sequence encoding a D-xylose dehydro-

genase corresponding to each of the nucleic acids
according to a)-c) but which differs from these nucleic
acid sequences according to a)-c) by the degeneracy of
the genetic code or functionally neutral mutations, and
wherein the functionality of one or more operatively
linked IolR binding sites in the regulatory, non-coding
region of the nucleic acid sequence encoding the D-xy-
lose dehydrogenase in the i0lC gene cluster is reduced
or turned off, or one or more IolR binding sites are
partially or completely deleted.

3. The coryneform bacterial cell according claim 1,

wherein the coryneform bacterial cell has a nucleic acid

sequence with one or more nucleotide substitutions or
nucleotide deletions in the operatively linked IolR
binding sites of the i0lC gene cluster selected from the
group containing nucleic acid sequences according to
SEQ ID NO. 7 and SEQ ID NO. 8.

4. The coryneform bacterial cell according to claim 1,
wherein the coryneform bacterial cell has a nucleic acid
sequence with one or more nucleotide substitutions or
nucleotide deletions in the operatively linked IolR binding
sites of the 10lC gene cluster selected from the group
containing nucleic acid sequences according to SEQ ID NO.
63 and SEQ ID NO. 64.
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5. The coryneform bacterial cell according to claim 1,
wherein the coryneform bacterial cell is

Corynebacterium, Brevibacterium, Corynebacterium glu-
tamicum, Corynebacterium acetoglutamicum, Coryne-
bacterium thermoaminogenes, Brevibacterium flavum,
Brevibacterium lactofermentum, or Brevibacterium
divaricatum.

6. The coryneform bacterial cell according to claim 1,

wherein the coryneform bacterial cell is Corynebacterium
glutamicum ATCC13032, Corynebacterium acetoglu-
tamicum ATCC15806, Corynebacterium acetoaci-
dophilum ATCC13870, Corynebacterium thermoami-
nogenes FERM BP-1539, Brevibacterium flavum

ATCC14067, Brevibacterium lactofermentum
ATCC13869, or  Brevibacterium  divaricatum
ATCC14020.

7. The coryneform bacterial cell according to claim 1,

wherein the coryneform bacterial cell comprises an
increased copy number of a nucleic acid sequence
encoding D-xylose dehydrogenase, and wherein the
increased copy number is chromosomally encoded.

8. The coryneform bacterial cell according to claim 1,

wherein the coryneform bacterial cell comprises an
increased copy number of a nucleic acid sequence
encoding D-xylose dehydrogenase, and wherein the
increased copy number is extra-chromosomally
encoded.

9. The coryneform bacterial cell according to claim 2,

a) wherein the activity of the D-xylose dehydrogenase is
increased,

b) wherein the first nucleic acid sequence is enhancedly
expressed,

¢) wherein the coryneform bacterial cell comprises a
second nucleic acid sequence that encodes a myo-
inositol/proton symporter (IolT1) according to SEQ ID
NO. 3 or fragments or alleles thereof, and wherein the
second nucleic acid sequence is enhancedly expressed,

d) wherein the myo-inositol/proton symporter IolT1
encoded by the second nucleic acid sequence comprises
an amino acid sequence according to SEQ ID NO. 4 or
fragments thereof, and wherein the activity of the IolT1
is increased,

e) wherein the second nucleic acid sequence encoding a
myo-inositol/proton symporter (IolT1) comprises one
or more nucleotide substitutions or nucleotide deletions
in the operatively linked IolR binding sites of the i0lT1
gene,

) wherein the coryneform bacterial cell comprises a third
nucleic acid sequence that encodes a myo-inositol/
proton symporter (IolT2) according to SEQ ID NO. 5
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or fragments or alleles thereof, and wherein the third
nucleic acid sequence is enhancedly expressed,

g) wherein the myo-inositol/proton symporter IolT2
encoded by the third nucleic acid sequence comprises
an amino acid sequence according to SEQ ID NO. 6 or
fragments thereof, and wherein the activity of the lo1T2
is increased,

h) wherein the second and third nucleic acid sequences
encoding myo-inositol/proton symporters IolT1/2 are
enhancedly expressed,

i) wherein the activity of both myo-inositol/proton sym-
porters I01T1/2 is increased,

j) having the nucleic acid sequence encoding the D-xylose
dehydrogenase comprises one or more nucleotide sub-
stitutions or nucleotide deletions in the operatively
linked IolR binding sites of the iolC gene cluster, or

k) any combination of a)-j).

10. A process for preparing D-xylonate, comprising the
steps of:

a) providing a solution containing water and a carbon

source,

b) culturing the coryneform bacterial cell of claim 1 in the
presence of the solution according to step a) to form
D-xylonate.

11. The process according to claim 10, wherein the
D-xylose dehydrogenase in step b) is encoded by a nucleic
acid sequence which has at least 70% identity to the nucleic
acid sequence according to SEQ ID NO. 1.

12. The process according to claim 10, wherein the carbon
source is a) oligosaccharides or polysaccharides containing
D-xylose units, b) D-xylose, ¢) biomass containing ligno-
cellulose, cellulose, or hemicellulose, the hydrolysate
thereof or extract obtained therefrom containing D-xylose
units, or d) any combination of a)-c).

13. The process according to claim 10, wherein the carbon
source is bagasse.

14. The process according to claim 10,

wherein the culturing takes place discontinuously or con-
tinuously, preferably in batch, fed batch, repeated fed
batch mode or as a one-pot hydrolysis fermentation
process.

15. The process according to claim 10,

wherein the solution comprises D glucose in addition to
D-xylose.

16. The process according to claim 10,

wherein the culturing takes place in fed batch mode.

17. The process according to claim 10,

wherein the coryneform bacterial cell is not recombi-
nantly modified.
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